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PREFACE. 



EVERY Preface, befide occafional or expla- 
natory remarks, fhould contain not only 
the general defign of the work, but the motives 
and circumftances which induced the author to 
write upon that particular fubjed. If this plan 
had been univerfally obferved, prefaces would 
have exhibited a Ihort, but a curious and ufe- 
ful, hiftory both of literature and of authors. 
Influenced by this idea, I fliall give a very com- 
pendious account of the origin, defign, and pro- 
grefs of the following work. 

About fifteen years ago, in a converfation 
with the late worthy, refpeftable, and ingenious 
Lord Kames, upon the too general negleft of 
natural knowledge, his Lordfliip fuggelled the 
idea of compofing a book on the Philosophy 
OF Natural History. In a work of this 
kind, he propofed that the prod unions of Na- 
ture, which to us are almoft infinite, fhould, in- 
ftead of being treated of individually, be ar- 
ranged under general heads ; that, in each of 
thefe divifions, the known fafts, as well as rea- 
fonings, fhould be collefted and methodifed in 
the form of regular difcourfes ; that as few tech- 
nical terms as poffible fhould be employed; 
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and that all the ufeful and amufinsj views arif- 
ing from the diflvrcnt fubjcCts Ihould be exhi- 
bited in fuch a manner as to convey both plea- 
fure and information. 

This talk his Lordlliip was plcafed to think 
me not ahogether unqualified to attempt. The 
idea llruck me. I thought that a work of this 
kind, if executed even with moderate abilities, 
might excite a talle for examining the various 
objeds which every where folicit our attention. 
A habit of obfcrvation refines our feelings. It 
is a lource of intcrclling amufement, prevents 
idle or vicious propenfities, and exalts the mind 
to a love of virtue and of rational entertain- 
ment. I likewife refleftcd, that men of learn- 
ing often betray an ignorance on the moll com- 
mon fubjeds of Natural Hiilory, which it is 
painful to remark. 

I have been occafionally employed, fince the 
period which 1 have mentioned, in collecting 
and digelling materials from the moil authentic 
fources. Thefe materials I have interfperfed 
with fuch obfcrvations, refleclions, and reafon- 
ings, as occurred to me from confidering the 
multifarious fubjecls of which I have ventured 
to treat. I knew that a deliberate perufal of the 
numerous writers from Arillotle downwards, 
-would require a confiderable portion of time. 
But the avocations of bufinefs, and the tranflat- 
ing of a work fo voluminous as the Natural 
H'lflory of the Count de Buff on, rendered my 
progrefs much flower than I wiflied. I now, 
however, with much diffidence, fubmit my la- 
bours to public opinion. An examination of the 
C(9?i^^72^j,nowevcr, will convey a more clear idea 

of 
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of the nature of the work than a multiplicity of 
words. But I thought it proper to prefix a 
fhort account of the circumllances and motives 
which induced me to engage in an undertaking 
fo extenfive, and fo difficult to perform with 
tolerable fuccefs. 

With regard to the manner of writing, it is 
perhaps impolfible for a North Briton, in a work 
of any extent, to avoid what are called Scotti- 
cifnis. But I have endeavoured to be every 
where confpicuous, and to fliun every fentiment 
or expreffion which might have a tendency to 
injure fociety, or to hurt the feelings of indivi- 
duals. 

Indulgent readers, though they muft perceive 
errors and imperfections, will naturally make 
fome allowance for the variety of refearch, and 
the labour of condenfing fo much matter into 
fo fmall a compafs. He is a bad author, it has 
been faid, who affords neither an aphorifm nor 
a motto. 

I cannot refrain from mentioning a circum- 
ilance which has often made me uneafy. The 
expectations of fome friends were higher than I 
was confcious my abilities could reach. 

Upon the whole, the general defign of this 
publication is, to convey to the minds of youth, 
and of fuch as may have paid little attention to 
the ftudy of Nature, a fpecies of knowledge 
which it is not difficult to acquire. This know- 
ledge will be a perpetual and inexhauftible 
fource of manly pleaiures ; it will afford inno- 
cent and virtuous amufement, and will occupy 
agreeably the leifure or vacant hours of life. 
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C H A P. I. 

Dijlinguijlymg characters of Animals^ Plants, and Minerals. 
— 'The Analogies between the plant and ajiimal, arifing 
from their firuBure and organs, their growth and nourifl)- 
nient, their diffemination and decay, 

NATURAL Bodies, when viewed as they have a re- 
lation to man, are marked with characters fo appa- 
rent, that they efcape not the obfervation of the mofl: un- 
enlightened minds. In a fyllem where all the conRituent 
parts have a reciprocal dependence, and are conneded by 
relations fo fubtile as to elude the perception of animals, 
fuch obvious characters were indifpenfible. Without 
them, neither the affairs of human life, nor the functions 
of the brute creation, could be carried on. Characters 
of this kind are accommodated to the apprehenfion of 
brutes, and of vulgar men. 

B But, 
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But, when the proJudions of nature are more clofel-^' 
CX I liiicd; \vhcn tl^ey are fcruiinized by the eye oi phi- 
io'.ophy, the number of their relations ami diifcrenccs it 
difcovered to be ahnoll inf.nite ; and their fhades ot dif- 
crimination are often fo delicate, that no fenfc can per- 
ceive ihcni. Niuhing, apparently, is more eafy than to 
diftinguifli an animal horn a plant ; and yet the proper 
diflinclion has puzzled the molt acute inquirers, and, 
perhaps, exceet?s the limits of human capacity. 

' A plant,' fays Jungius, ' is a living, but not a fcnticnt 

* body, which is fixed in a deterniincd place, and grows, 

* increafes in fize, and propagates its fpecies**.* In this 
definition, living powers are afcribed to vegetables ; but 
they are denied the faculty of fenfation. Life, without 
fome degree of fenfation, is an incomprehenlible idea. 
An animal limited to the fenfe of feeling alone, is the 
lowed conception we can form of life. Deprive this be- 
ing of the only fenfe it polleffes, and, though its figure 
Ihould remain, we would inllantly conclude it to be as in- 
animate ius a Hone. 'I'he life attributed to plants, feems 
to be nothing more than an analogical dcdudion from 
their growth, nutrition, continuation of their fpecies, and 
fimilar circumfiances. • 

Ludwig defines vegetables to be ' Natural bodies, al- 

* ways endowed with the fame form, but deprived of the 

* power of local motionf.* Every branch of this defini- 
tion is, with equal propriety, applicable to precious Itones, 
falts, and fome animals ; and, therefore, requires no far- 
ther attention. 

Sir Charles Linnieus, in his Fundamcnta Botanica, in- 
tends to difcriminate the three kingdoms of Nature in two 
lines. ' Stones,' fays he, ' grow ; vegetables grow, and 
^ live ; animals grow, live, and feel This is an af- 
femblage of word"?, the meaning of- which is entirely 
perverted. The idea of growth implies nutrition and ex- 
panfion by the intervention of organs. The magnitude of 
ftones may be au-^mented by an accretion of new matter ; 
but, this is not growth, or expanfinn nf parts. The fe- 

cond 



♦ Rail ilift. Plant, p. i. S. 

^ }\:u(i. Hot. s S. 



+ Ludwig, Phil. Bot.'p. ; 
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cond definition, ' That vegetables grow and Ihe,* is e- 
qually inaccurate. Inftead of proving the life of plants, 
Linnaeus takes it for granted, and makes it the charade- 
riftic between vegetables and brute matter. The third, 
' That animals grow, live, and feel,' is not lefs exception- 
able. Growth, life, asid mere fenfation, convey the mofl 
ignoble notions of animated beings. From this definition, 
w^e would be led to imagine, that Linnaeus meant to de- 
fcribe the condition of a polypus, or an oyfcer. All ani- 
mals, it is true^ grow, live, and feel : But, thefe are only 
the pafTive properties of animals. The definition includes 
none of thofc inflindive, intelledual, and active powers 
which exalt the animal above the vegetable, and fo emi- 
nently diflinguifli the dilicrcnt tribes from each other. 

Thefe and many other abortive attempts have been 
made to afcertain the precife boundaries between the 
animal and vegetable. Definitions have been the perpe- 
tual aim of moft writers on this fubje<!il. But, definitions, 
when applied to natural objefts, muft always be vague 
and elufory. We know not the principle of animal life. 
We are equally ignorant of the effential caufe of vege- 
table exiftence. It is vain, therefore, to dream of being 
able to define what we never can know. We may, how- 
ever, difcover fome qualities common to the animal as 
well as to the vegetable. 

Senfation, motion, and flruclure of parts, give animals 
a more extenfive range in their connection with external 
objefts. A certain portion of intellcft, joined to the vital 
principle, feem to be the mofl diftinguifliing properties of 
animals, and to conftitute their effence, or being. Ani- 
mals will, determine, act, and have a communication with 
didant objects by their fenfes. They have the laws of 
nature, in fome m.eafure, at command. They protect 
themielves from injury by employing force, fwiftnefs, ad- 
drefs, and cumiing. But, vegetables remain fixed in the 
fame place, and are fubjed to every thing that moves. 
Animals eat at intervals ; their food requires time for 
digeilion, and to anfwer the complicated purpofes of fe- 
cretion and nutrition. The flruclure of plants is more 
fimplc : They receive perpetual nourifliment without in- 
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jury. Animals fearch for, and Teletfl, particnb.r kinds of 
food. Buf, plants miiil receive whatever is brou;.^ht to 
th n hv the dirt'erent elements. Animals exilt on the 
fr 1 in the interior parts of the earth, in the air, 

ii'. :n the bodies of men and other animals, in the 

ii:' i ts of pbnts, and even in llones. liut, if we 

€s ew aquatics, plants are fixed to the earth by 

toots. 

jy n o^:iTjjils, it has been affirmed, have a heart, or par* 
t* ntr.in, for propeHin)^ and diltribiitin,<]j their lluids 

To L.,.' u.i'crent parts of their bodies: Ruf, caterpillars, 
am' many other infeds, have no fueh <;eneral receptacle *. 

The loco-motive faculty has been confidered as peculiar 
to animals. But, even this charatfter is extremely fufpi- 
cious. Oyflcrs, fea-nettles, the gall-in feds, and a variety 
of o'heT animals, can hardly be laid to enjoy the power of 
local ?notion. Many fpecies remain forever fixed fo the 
rocks on which thev are produced, and have no motion 
but that of extendinf>: or contraftinj^ their bodies. Re- 
fides, examples of dii^ercnt kinds of motion are difcover- 
able in the vegetable kingdom. When the roots of a 
tree meet with a (tone, or any other obliruOion to their 
motion, in order to avoid it, they change their former 
direction. They turn from barren to fertile earth, which 
indicates fomjthing analogous to a feledion of food. 
Like the polypus, plants, when confined in a houfe, uni- 
formly bend toward the v/indow, or aperture, through 
which tlie rays of light are introduced. 

The fenfirive plant polVelTes the faculty of motion in an 
eminent degree. The ilighteft touch makes its leaves fud- 
denly rnrln';, ?.nd, together with the branch, bend down 
to«\ -1'' * Tth. But, the moving plant, or hcdyiarum 
m which there are fpecimens in the botanic 

gar^ien ot i .-.wAburgh, birniHies the mod adonifhing exam- 
ple of < motion. It is a native of the Ea{t-Indie«». 
Its m- ' are not excited by the contad of external 

bodies, bai loicly by the influence of the fun's ravs. The 
morinn^. of th's y.hmt f-j coi«'''n fo the If-'vc*, which are 

fupported 

• The fubjff^ of th:» par,\orapl, (hall be rxamined in anoiVr plarc. 

* T'^c II d\ tarum of Linnxus. 
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fupported by long flexible foot-dalks. When the fun 
fliines, the leaves move briikly in every direction. Their 
ji^eneral motion, however, is upward and downward : But, 
they not unfrequently turn almolt round ; and, then, their 
foot-flalks are evidently twifted. Thefe motions go on in- / 
ceffantly, as long as the heat of the fun continues : But, 
they ceafe during the night, and when the weather is cold 
and cloudy. Our wonder is excited by the rapidity and 
conllancy of the movements peculiar to this plant. The 
frequency, however, of fimilar motions in other plants, 
renders it probable that the leaves of all vegetables move, 
or are agitated by the rays of the fun, though many of 
thefe movements are too flow for our perception. 

The American plant called dionaa mvfcipula*, or Venits*s 
Jly-trap^ affords another inflance of rapid vegetable moti- 
on. Its leaves are jointed, and furnifhed with two rows 
of flrong prickles. Their furfaces are covered with a 
number of minute glands, which fecrete a fvveet liquor, 
and allure the approach of flies. When thefe parts are 
touched' by the legs of a fly, the two lobes of the leaf 
inftantly rife up, the rows of prickles lock themfelves fail 
together, and Iqueeze the unwary animal to death. If a 
ftraw or a pin be introduced between the lobes, the fame 
motions are excited. 

When a feed is fown in a reverfed pofition, the young 
root turns downward to enter the earth, and the item 
bends upward into the air. Confine a young flem to an 
inclined pofition, and its extremity will foon affume its 
former perpendicular dire6tion. Twifl the branches of 
any tree in fuch a manner that the inferior furfaces of the 
leave? are turned toward the fl<y, and you will, in a fliort 
time, perceive that all thefe leaves refume their original 
pofition. Thefe motions are performed fooner or later, 
in proportion to the degree of heat, and the flexibility of 
the leaves. Many leaves, as thofe of the mallow |, foliovr 
the courfe of the fun. In the morning, their fuperior fur- 
faces are prefented to the eafl: ; at noon, they regard the 

fouth ; 

* This fingiil^r arid beautiful veget;ili!c !<; a native of the bogs, or marfhv fitu- 
ations, of Carolina, 
■t Malva. 
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fouth ; and, ulien the lun lets, thoy arc diredeJ to the 
well. During the night, or in rainy weather, thcfc leaves 
are horizontal ; and their inferior lurlaees are turned to- 
ward the earth*. 

What has been denominated the Sleep of Plants, affords 
an initancc of another fpecies of vegetable motion. The 
leaves of many plants fold up during the night ; but, at 
the approach of the fun, they expand with renewed vi- 
gour. The common appearances of moit vegetables are 
ib changed in the night, that it is difHcult to recognife the 
different kinds, even by the affiflance of light. 

The modes of folding in the leaves, or of lleeping, are 
extremely various. But, it is worthy of remark, that they 
all difpole themfelves fo as to give the belt protection to 
the young flems, flowers, buds, or fruit. The leaves of the 
tamarind-tree f contract round the tender fruit, and protcd: 
it from the notturnal cold. The callia or fenna, the gly- 
cine, and many of the papilionaceous plants, contra<5l their 
leaves in a fMnilar manner. The leaves ot the chickweed ||, 
of the afclcpias, atriplex §, &c. are dilpofcd in oppofite 
pairs. During the night, they rife perpendicularly, and 
join fo clofe at the top, that they conceal the llowers. 
The leaves of the lidaff or althaea Theophralli, of the 
ayenia, and Oenothera **, are placed alternately. Though 
horizontal, or even depending, during the day, at the 
approach of night they rife, enibracc the Item, and pro- 
te«^ the tender flowers. The leaves of the folanumff, or 
nightfliade, are horizontal during the day ; but, in the 
night, they rife, and cover the flowers. The Egyptian 
vetch nil erects its leaves during the night, in fuch a man- 
ner that each pair feem to be one leaf only. The leav^^sof 
the white lupine in the itate of fleep, hang down, and 
protect the young buds from being injured by the noctur- 
nal air. 

Thefe 

*On thefe fubjefls, the beautiful experiment* of that enlightened phitofopcrMr. 
Bonnet, dcfcrve to be coofultcd. Sec bii Recherches fur I'ujage dei faitlUs dans Us 
fiantes, &c. a work in every page of which the gcr.iiis and the Icaimng of its au- 
thor arc eminentiv coiifDicuous. 

+ Tamanndui mdica. i', Alfmc mrdia. ^ Atriplex korterifis. 

1 Sida Aoutiion. (Enoihcia moUiJJima. +t Solanum Milongena. 

Kg Abrus precatcriui. I-up'nus aiius. . 
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Thefe and fimilar motions are not peculiar to the leaves 
of plants. The flowers have alfo the power of moving. 
During the night, many of them are inclofed in their ca- 
lixes. Some flowers, as thofe of the German fpurge *y 
geranium flriatum, and common whitlow-grafs f, when 
afleep, hang their mouths toward the earth, to prevent the 
noxious effedts of rain, or dew. 

The caufe of thefe movements which conflitute the 
fleep of plants, has been afcribed to the prefence or ab- 
fence of the fun's rays. In fome of the examples I have 
given, the motions produced are evidently excited by 
heat. But, plants kept in a hot-houfe, where an equal 
degree of heat is preferved both day and night, fail not 
to contraft their leaves, or to fleep, in the fame manner 
as when they are expofed to the open air. This fa€b 
evinces, that the fleep of plants is rather owing to a pe- 
culiar law, than to a quicker or flower motion of their 
juices. 

A fl:omach and brain have been reckoned eflential cha- 
rafterifl:ics of the animal ; and plants are faid to poflTefs 
nothing analogous to thefe organs. But, the polypus 
has no fl:omach ; or rather, like vegetables, its whole bo- 
dy may be confidered as a fl:omach. Its internal cavity 
contains no vifcera ; and, when this animal is turned out- 
fide in, it fl:ill continues to live, and to digefl; its food, in 
the fame manner as if it had received no injury. The 
mode by which plants are nouriflied is extremely analo- 
gous. They imbibe food by the roots, the trunk, the 
branches, the leaves, and the flowers. Infl:ead, there- 
fore, of having no ftomach, their whole ftruclure is fto* 
mach. With regard to the brain, the polypus, and many 
other infeds, are deprived of that organ. Hence, neither 
flomach nor brain are eflential charafters which difcrimi- 
nate the animal from the vegetable. 

But, all animals are endowed with fenfation, or at leafi: 
with irritability, which lafl: has been confidered as a dif- 
tinftive character of animal life. Senfation implies a dif- 
tind perception of pleafure, and pain. We infer the ex- 
iflence of fenfation in organized bodies, when we per- 
ceive 

* Euphorbia. i Drdbs ver?!a ^nd alpina. 
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ceive that they ha\d or gans linillar to our own, or when 
they ad, in certain circiimllances, in the ianie manner as 
we ad. If an organized bein;; has eyes, ears, and a nolc, 
we naturally conclude thai it enjoys the lame leafafions us 
thefe organs convey to us. 11" we ice another bcin^, v^iioic 
llrudure exhibits nothing analo<;ous to our organs oi leu- 
I'ation, contrading with rapidity when touched, direc^'af; 
its body uniiormly to the light, fcizing imall initcL> vviiii 
tentacula, or a kind of arms, and conveying theui inio au 
aperture placed at its anterior end, wc hciitate not to prc^ 
nounce that it is animated. Cut oil its arms, do]-'nM it 
of the faculty of contracting and extending ith boi.' \ , .lie 
nature of this being will not be changed ; but \vv„ will be 
unable to determine whether it pollelfes any j^oi u* t f 
life. This is nearly the condition of the fmall fediiJi. • i f 
a polypus, before their heads begin to grow.. The \vi*eel- 
animal, the eels in blighted wheat, and the Inuiis record- 
ed in the Philofophical Tranfadions, alford inftajic^o of 
every appearance of fenfation, or even of irriraLility, be- 
ing fufpended, not for months, but for feveral years, and 
yet the life of thefe animals is not extinguiflied ; for, ihcy 
uniformly revive upon a proper application of moiliure. 

Thefe and fimilar fads Ihow, that we are entirely igi^o- 
rant of the elfence and properties of life. What liie really 
is, feems too lubtile for our underflanding to conceive, 
or our fcnfes to difcern. If we have no other criterions 
to didinguifli life, than motion, fenfation, and irritability, 
the animals jull mentioned continued for years in a Itate 
which every man would pronounce to have been perfecciy 
dead. It is poliible, therefore, that liie may exifl in many 
bodies whi^'h are commonly thought to be as inanimate 
as itones. lience, ii w ould be ralh to exclude plants from 
every fpecies of fenfation. The degrees of fenfation de- 
creafe imperceptibly from man to the fea-neiile, gall-in- 
feds, and v/hat are called the moll imperied animals. 
Every vegetable, as well ^s the fenfitive plant, lininks 
when wounded. But, in molt of them, the motion is too 
llow for cur perccotioii. Wlicn irtes grtAv near a ditch, 
the roots which proceed in a uirediou that would apccl- 
farily biin^ uiem into the open air, inilciid of continuing 

this 
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this noxious progrefs, fmk below the level of the ditch, 
then (hoot acrofs, and regain the foil on the oppofite fide. 
When a root is uncovered, without expofing it to much 
heat, and a wet fpunge is placed near it, but in a different 
diredion from that in which the root is proceeding, in a 
fhort time the root turns towards the fpunge. In this man- 
ner the direction of roots may be varied at pleafure. All 
plants make the ftrongefl: efforts, by inclining, turning, 
and even twilling their ftems and branches, to efcape from 
darknefs and lhade, and to procure the influences of the 
fun. Place a wet fpunge under the leaves of a tree, they 
foon bend downward, and endeavour to apply their infe- 
rior furfaces to the fpunge. If a veffel of water be placed 
within fix inches of a growing cucumber, in twenty-four 
hours the cucumber alters the direction of its branches, 
bends either to the right or left, and never flops till it 
comes into conta£l with the water. AVhen a pole is placed 
at a confiderable diflance from an unfupported vine, the 
branches of which are proceeding in a contrary direftion 
from that of the pole, in a fliort time, it alters its courfe, 
and flops not till it clings around the pole. 

Fa£ls of this kind excite our wonder ; but, they by no 
means prove that vegetables live, or that they are endowed 
with fenfation, which implies a diflinft perception of plea- 
fure, and pain. 

There is an inferior fpecies of fenfation, which is dif- 
tinguifhed by the term irritabilitj. This term denotes that 
power by which mufcular fibres, even after they are de- 
tached from the body, contract upon the application of any 
flimulating fubflance, whether folid or fluid. The heart 
of a frog, when pricked with the point of a pin, conti- 
nues to beat, or to contradl and dilate, for feveral hours 
after it has been cut out of the animal's body. The heart 
of a viper, pr of a turtle, beats diflintSlly from twenty to 
thirty hours after the death of thefe animals. The peri- 
ftaltic motion of the inteftines is produced by their irrita- 
bility. When the inteflines of a dog, or any other qua- 
druped, are fuddenly cut into different portions, all thefe 
portions crawl about like worms, and contrail upon the 
flightefl touch. Though irritability be unqueftionably a 

C ' ' vital 
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vital principle, vet it is equally certain, that iiiufcular fi- 
bres, V ' ' 1 :hc body to which they belong, 

have n> , , i of pleature, or pain. Their 

regular contraction and dihualion are evident fymptonis 
of life, which, in ni;iny calcs, may lead us to attribute 
living powers to fubttances that tnjt^y neither lite nor kn- 
Iktion. Hence, though all plants were irritable, this cir^ 
cui'aftance would not prove that they are poHed'ed of lite- 
The contradion and dilatation of the I'enlitive plants, and 
the various motions of the leaves, branches, flowers, and 
roots of vegetables, formerly mentioned, feem to indicate 
that mod plants arc endowed with irritability. Perhaps, 
all vegetables have more or lefs of this quality. The heart, 
inteftincs, and diaphragm are the moll irritable parts of 
animal bodies : And, to difcover whether this quality re- 
fides in all plants, experiments fhould be made chieily ou 
their teaves, Howers, buds, and the tender fibres of the 
roots. 

From this narration of fads, it appears, that plants 
make a very near approach to animals ; and that this fi- 
milarity, as well as the dilHculty of fixing the preciie boun- 
daries by which thele two great kingdoms of nature are 
limited, are direct conftquences of the organization of 
vegetables. It is owing to their organic Itructure alone, 
that plants and animals are capable of alVording reciprocal 
nourilhment to each other. This organic llructure, though 
greatly diverftfied in the different fpecies of animals and 
vegetables, evinces that Nature, in the formation of both, 
h-as acted upon the fame geneial plan. May we not pre- 
fume, therefore, as plant.% as well as animals, ;vre com- 
-pofed of a regular fyilem of organs, that the vegetable 
part of the creation is not entirely deprived of every qua- 
Hty which we are apt to think peculiar to animated beings? 
I mean not to inlinuate, that plants can perceive pleaJure 
or pain. But, as many of their motions and afiections 
cannot "be explained upon any principle of mechanil'm, I 
am inclined to think, that they originate from the power 
of irritability, which, though it implies not the perception 
of ple;d"ure and pain, is the principle that regulates all the 
vital of involuntary motions of animals. To afccrtain 

this 
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this point, would require a fet of very nice experiments. 
I fhall mention one, which might be performed with toler- 
able eafe. It was formerly remarked, that plants kept in 
a hot-houfe, where the degree of heat is uniform, never 
fail to ileep during the night. This is direft evidence, 
that heat alone is not the cauie of their vi'jilance. But, 
they are deprived of light. Let, therefore, a llrong arti- 
ficial light, without increafing the he^t, be thrown upon 
them. If, notwithltanding this light, the plants are not 
roufed, but continue to. fleep as ufuai, then it may be pre- 
fumed that their organs, like thofe of animals, are not on- 
ly irritable, but require the reparation of fome invigorat- 
ing influence which they have loit vvhiie awake, by the 
agitations of the air and the fun's rays, by the acl of 
growing, or by fome other latent caufe. 

It is almoft unnecelTary to mark the dhlinction between 
vegetables and minerals. The tranfition from the animal 
to the plant is effeded by {hades fo imperceptible, as to 
elude the mofl acute obfervers. But, between the plant 
and the mineral, there is a valt chafm in the chain of be- 
ing, which may be the fource of great difcoveries. In 
bodies purely mineral, not a veftige of organization can 
be difcovered. The fibrous ilructure of the albeflos has 
been regarded as an approach toward organization, and 
as the link which connecls the mineral to the vegetable 
kingdom. But, this is one of thofe ftrained analogies 
which are too often employed by theoretical writers. 
Though the afbellos is compofed of a kind of threads, or 
fibres, thefe fibres are not tubular ; neither are they inter- 
woven, like that regular tilfue, or fiibric, which fo re- 
markably dirdnguifhes organized from brute matter. Of 
courfe, the magnitude of the abellos can only be increafed 
by the appofition of new matter, and not by any develope- 
ment or expanfion of parts. But, though, in the mine- 
ral kingdom. Nature ceaies to organize, flie continues to 
arrange. 

The regular configuration of falts, chryftals, and other 
precious ftones, has been confidered, by fome authors, as 
the refult of an organic procefs. But, the uniform figure 
of falts and chryftals may be the efte£l of certain laws of 

attraftion 
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pttradion peculiar to each fpccics. None of thcfe parti- 
cles c;in be regarded ?.s a germ, or bud. They arc only 
t'^.e elements, or conRituent parts, which, when applied 
to each other, form a whole. They never expand, or 
grow, like the embrios of animals, or plants. They re- 
rnw'm for ever in the fame flate, without diminution, or 
incteafe, except when feparated by force, or magnified by 
nn accumulation of frelh matter. 'J'he chrylballine juice 
is not aiTimutated by velVels : It is prepared by a chymical 
opcmtion of Nature. The bodies of plants and animals 
are machines, exceedingly elaborate, and more or lefs 
complicated. Thefc machines, by means of ditlerent or- 
gans, have the power of converting other animals and ve- 
getables into their own fuMlance. By this alFimulation, 
all their dimenfions are increafed ; and their various parts 
uniformly prefervc the fame proportions with regard to 
each other, and continue to perform their refpedive func- 
tions. Befidcs, organized bodies not only multiply their 
fpccics, but fome ot them pollefs the power of reproduc- 
ing fuch parts as are forcibly abftraded from them. 

In thefe and manv other qualities common to the ani- 
mal and vegetable, there is not the fmallefl analogy to be 
found in the mineral kingdom. Between the rnoft regu- 
lar folTils, as falts and chryftals, and the moft imperfecl 
animal or vegetable, the dillance is immenle. Figured 
foflils are not more organized than a column, or a portico. 
In the formation of the former, Nature, in that of the 
latter, man, is the artill. When no fimilarity is to be 
difcovered in thofe fofiils which are nearly uniform in their 
configuration, Ave are not to expeft it in the more loofe 
and irregular parts of brute matter. Here, Nature, re- 
gardlefs of fymmetry, conjoins heterogeneous materials, 
of which (he compofes irregular malTes. Many ftoncs, 
flints, end other concretions, afford examples of this 
kind. More art, it muft be acknowledged, appears in 
the formation of metals : But their flruchire exhibits no 
vefliges of organization. 
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ANALOGIES. 

HAVING ftiown the extreme difficulty of fixing the 
boundaries which feparate the animal from the vegetable 
kingdom, I proceed to the more pleafmg talk of enume- 
rating fome of thofe beautiful analogies which fubfift be- 
tween them. To render this fubjeft the more agreeable 
and inflrjadive, inftead of bringing together an uncon- 
neded mafs, I fliall trace the analogies between the animal 
and plant, under the arrangement of Strtidure and Organs, 
Growth and Nourijhment, Dijfemination and Decay. 



STRUCTURE and ORGANS. 

IN all organized bodies, a fimilarity of flrufture feenis 
to be unavoidable. The bodies of men and quadrupeds 
confift of a feries of connedled bones, which run from 
the head to the rump. This feries is known by the name 
of the back-bone ; from each fide of which, a number of 
ftrched bones proceed. Some of thele join the breaft- 
bone by means of cartilages, and form a vaulted cavity, 
which contains and defends the heart and other vifcera 
proper to the cheft. The bon^s of the pelvis, and of the 
four extremities, are joined to the back-bones by articu- 
lations, and membranes. By the fame contrivance, the 
cranium is fixed to the upper end of the back-bones. Into 
different procelfes and portions of all thefe bones, a great 
number of mufcles, or bundles of flelhy fibres, are infert- 
ed. Thefe mufcles are the inftruments which give rife to 
all the varieties of animal motion. The bones of the head, 
or cranium, contain the brain and cerebellum, a prolon- 
gation of which runs through the whole extent of the ca- 
nal in the back-bone, and is known by the term fpinal 
marroiv. From the brain and fpinal marrovv' proceed all 
the nerves, or inftruments of fenfation. Thefe nerves. 



THE PHILOSOPHY 



the ramifications of w hich arc infinitely various, and mi- 
nute, are diitributed upon tlic heart, lungs, blood-velicls, 
bowels, and mufcles, till they terminate on the Ikin, or 
external covering of the body. The heart is the fountain, 
or general receptacle, df the blood. The contraction of 
the heart propels the blood through the arteries, which 
are likewife dittributcd, by numerous and complicated ra- 
mifications, over every part of the body, and terminate 
in the veins, which again collect the whole arterial blood 
inco one cavitv, and re-convey it to the heart. This cir^ 
culatory procels goes on during life. 

Befidc the organs already mentioned, there are others, 
termed /trr^/err, becaufe they Jcparate peculiar fluids trom 
the general mals of circulating blood. The itomach and 
intcftiiies are furnilhed with a vail number of Imail tubes, 
called ladeal duds, which feparate and abforb the nutri- 
tious parts of the aliment, and rejett all the grolfer and 
ufelefs particles. Thefe duels, after innumerable com- 
munications with each other, unite into one large tube, 
dillinguilhed by the name o{ the thoracic duct, which is 
the general refervoir of the chyle, or fecreted liquor. This 
chyle, which is a mild iluid, palfes from the thoracic dutt 
to the fubclavian vein ; and by this vein it is conveyed to 
the heart, where it mingles with the blood, and is circu- 
lated through the body, for the nourifhment of its differ- 
ent parts, it is of no moment, for our prefent purpofe, 
to be more particular, efpecially as this fubject will be af- 
terwards more fully handled. I lhall, therefore, juft men- 
tion, that there are particular organs, or glands, for fe- 
creting various Huids, which are neceffary to the exiltence 
of the larger animals, as the kidneys for the fecretion of 
urine ; the liver for the fecretion of gall ; the Itomach 
for the fecretion of the gaftric juices ; the falivary glands 
for the fecretion of faliva, <kc. 

From this Iketch of the ftruclurc of man and of qua- 
drupeds, very little attention is necelfary to perceive, that 
Nature purfues a ilmilar plan in the formation of birds, 
and fifties. 

In that numerous clafs of animals diftinguifhed by the 
name of i'tfrcls, there is a great variety of form, and ftruc- 

ture. 
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ture. In many of thefe, Nature feems to depart from her 
general mode of operation. But, upon a more accurate 
examination, this feeming departure will appear to be on- 
ly an extenfjon of that univerfal plan which ihe obferves 
in the formation of all animated beings. Some infects^ 
the lobfher, and all the cruflaceous and fheli animals, have 
their bones on the outfide of their bodies. To thefe bones 
the mufcles and other inftruments of motion are attached* 
Many fpecies have no bones ; but, their bodies confift of 
a fucceffion of rings incafed into each other. By contra£l:- 
ing and dilating thefe rings, all the movements of this 
kind are performed. The head, in fome fpecies, changes 
its form every moment. It contradts or dilates, appears or 
difappears, at the pleafure of the animal. Thefe motions 
are permitted by the flexibility of the membranes, or co- 
verings of the head. In other fpecies, the form of the 
head is permanent, owing to the hardnefs of the cover-r 
ings, which are fcaley, or crurtaceous, and approaches 
nearer to that of the more perfed animals. 

Many infects are deftitute of particular organs. Some 
want eyes, ears, brain, and noftrils. Others have an acute 
fenfe of Imelling, though we know not the form or fituation 
of the organ. The inferior fpecies of infefts have no in- 
ternal lungs, but receive air by lateral pores, and fometimes 
by long tubes, or trachese, which protrude from different 
parts of the body. Many infefts have no heart, or gene*- 
ral refervoir for the reception and propulfion of the blood. 
But, we difcover by the microfcope, that their blood cir- 
culates by the pulfation of arteries, and that their differ- 
ent fluids are fecreted by glands. In a word. Nature, in 
the flirudure and functions of animals, defcends, by de- 
grees almoil imperceptible, from man to the polypus ; a 
being which, ever fmce its csconomy and properties were 
difcovered by M. Trembley, has continued to ailoniOa 
both philofophers and naturalifl;s. The fl:ru£lure of the 
polypus, which inhabits frefli-water pools and ditches, is 
extremely fmiple. Its body confiits ol a fmgle tube, with 
long tentaciila^ or arms, at one extremity, by which it 
feizes fmall worms, and conveys them to its mouth. It 
has no proper head, heart, ftomach, or inteftines of any 

kind. 
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kind. This fimplicity of Itrudurc gives rife to an cf^nnl 
fimplicity in the a-conomy and fundions of the animal. 
The polypus, th()ugh it has not the dillinction oi lex, is 
extremely prolihc. When about to multiply, a Imall pro- 
tuberance, or bud, appears on the furfaee of its body. 
This bud j;radually fwells and extends. It includes not a 
young polvpus, but is the real animal in miniature, united 
to the mother, as a fucker to the parent-tree. 'I hc food 
taken by the mother palfes into the young by means oi a 
communicating aperture. When the fliooring polypus 
has acquired a certain growth, this aperture gradually 
clofes, and the young drops off, to muUij^ly its Ipecics in 
the fame manner. As every part of a polvpus is capable 
of fending off Ihoots, it often happens, that the young, 
before parting from the mother, begin to fhoot ; and the 
parent animal carries feveral generations on her own bo- 
dy. There is another fmgularity in the hillorv of the po- 
lypus. W^hen cut to pieces in every dircdion fancy can 
fuggeft, it not only continues to exifi:, but each feftion 
foon becomes an animal of the fame kind. What is (till 
more furprifmg, when inverted as a man inverts the fin- 
ger of a glove, the polypus feems to have fullered no 
material injury ; tor it foon begins to take food, and to 
perform every other natural fundion. Here we have a 
wonderful inftance of animal dudility. No divilion, how- 
ever minute, can deprive thefc worms of life. What in- 
fallibly deftroys other animals, fervesonly, in the polypus, 
to multiply the number of individuals. M. Trembley, in 
the courfe of his experiments, difcovered, that different 
portions of one polypus could be ingrafted on another. 
Two tranfverfe fedions brought into contad quickly unite, 
and form one animal, though each fedion belongs to a 
different fpecies. The head of one fpecies may be ingrafted 
on the body of another. When a polypus is introduced 
by the tail into another's body, the two heads unite, and 
form one individual. Purfuing thefe ftrange operations, 
M. Trembley gave fcope to his fancy, and, by repeatedly 
fplitting the head and part of the body, formed hydras 
more complicated than ever ftruck the imagination of the 
moft romantic fabulilts. 

This 
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This fhort account of the general ftruttiire of animals 
was a neceffary preparation for perceiving more clearly 
their connexion with the vejj;etable kingdom. 

The ftruclure of plants, like that of animals, confifls 
of a feries of velTels difpofed in a regular order. Thcfe 
vefl'els are deftined to perform the dilierent fun£lions nc- 
ceifary to the nourifliment, growth, and difTemination of 
the plant. In trees, and moft of the larger vegetables, 
three diltind parts are to be obferved ; the bark, the wood, 
and the pith. The bark likewife confifts of three parts ; 
the fkin, the body, and the liber, or inner circle ; v,hich 
lall, about the end of autimm, aflTumes the fame texture 
and firmnefs with the wood. The fubftance of the bark 
is compofed of a number of longitudinal fap and air vef- 
fels, which have the appearance of fine threads, running 
from the root to the trunk, and branches. Befide thefe 
vefTels, the bark is furniflied with a parenchymatous or 
pulpy fubftance, in which there is a vaft variety of foUicv.it, 
or jfmall bladders. The bark is connecled to the wood by 
tranfverfe insertions of the parenchyma. 

The wood confifts of two diftind fubftanccs ; the one 
is denfe, and compaft, and conftitutes what is termed the 
ligneous body ; the other is porous, moift, and pulpv, and 
is, therefore, called the parenchymatous part of the wood. 
A portion of wood is placed alternately between a fimilar 
portion of parenchyma. Thefe alternate portions proceed 
from the edges of the pith, as ratUi from the center of a 
circle, widening proportionally as they approach the cir- 
cumference. Both of them, however, like the bark, are' 
furnifhed with numberlefs fap and air veflels. 

The pith, or heart, is bounded on all fides by the 
wood, and is compofed of the fame materials : It is no- 
thing but a vaft congeries of air and fap velfels, interwo- 
ven with the parenchyma and bladders, not unlike the 
tiffue of gauze, or lace. This texture is common to every 
part of the trunk, being only more clofe and compa£l in 
the bark and wood than in the pith. It is well known, 
that the pith of plants diminifties in proportion to their 
age. I'he reafon is obvious : Everv vcar the ring of veP 
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Cels, which lies contii^uniis to the wooil, drlc<5, rondcnfes, 
and becomes wood. 

The leaves oF vet;eiables C(Uilill oi a iiiil ^\llich 
inclofes the parenchyma, or pulp. This (kin, like that ot 
animals, is an organic bodv, furnilhed with an imnienlc 
number of parenchymatous and Ht^ncous fibres, and inter- 
woven in a maimer precifely liinilar to that of the trunk, 
and branches. AVhtn the ikin is removed, the pulp ap- 
pears, and is every where inferfperfed with fmall cylindri- 
cal fibres, wound up into minute bladders. A lart^e nerve 
runs along the middle of every leaf, and continually lends 
off branches, vshich gradually decreafe in magnitude, till 
they reach the edge, or difc. This principal nerve is a 
collection of fmall tubes, which, at proper dillances, go oft, 
and are diftributed ov< r the leaf in a manner precifely fi- 
milar to the diftribution of the nerves over the human 
body. 

With regard to flowers and fruits, their general texture 
is the fame with that of the parts already defcribed, dif- 
fering only in various proportions of the ligneous velTels, 
and parenchymatous or pulpy fubilance. That vegetables 
arc poifelfed of fecretory glands, is apparent from the al- 
mnff infmite variety of iheir tartes, odours, and colours. 
Thefe fenfible qualities dilfer even in different parts of tne 
fame plant. But, the glandular fecretion of vegetables is 
motl confpicudus in the flowers and fruit. Many flowers 
fecrete a necVareous fluid, which is more grateful to the 
palate than the fined honey. The glands of fome fruits, 
as thofe of the lemon and orange, fecrete liquors of very 
dif^^-Tent qualities. The veHels of the rhind contain an 
acrid effential oil, while thofe of the parenchyma, or pulp, 
fecrete an agreeab'e acid. 

This funilarity in the general ftructure of animals and 
plants is ilrongly corroborated by the analogous parts in 
both being dcftined to anfwer the fame purpofes. 

The (Economy and functions of vegetables, as well as 
thofe of animals, are the refulls of a valcular texture. 
Each of thefe claffes of beings have vefi'els deltined to the 
performance of fnnilar offices. In man and quadrupeds, 
the fluids are circulated by tlic pulfation of the heart and 

arteries. 
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arteries. The juices of plants do not circulate ; but they 
are raifed from the root to the trunk, branches, leaves, 
flowers, and fiuit, by the fap-vefiels. The afcenfion of 
the fap has been afcribed to capillary attraction. But, 
though no motion is perceptible in the fap-veflbls fmiilar 
to the puliation of arteries ; yet, both the propulfion of 
the fap, which moves with great force, and the fecretion 
of difierent fluids by different parts of the fame plant, im- 
ply an adlion in thefe veffels. In animals, the gall, the 
urine, the faliva, are all concoded from the general mafs 
of blood, by the adtion of particular veffels. Fluids of 
thefe different qualities exift not in the blood itfelf : They 
are created by an incomprehenfible operation of the vef- 
fels, peculiar to their refpedive glands. In plants, the fap 
afcends, and different fluids are fecrcted from it by glan- 
dular veffels. Here the fame effeds are produced both in 
the animal and the plant. We muff, therefore, attribute 
them to the fame caufe, namely, the aftion of veffels. 
Befides, the fap, which is the blood of plants, moves 
with a force often equivalent to the weight of the atmol- 
phere. M. Bonnet remarks *, that he has feen, by means 
of coloured liquors, the vegetable fap move three inches 
in an hour ; and Dr. Hales, in his Statics, has fliown, 
that the leaves are the principal ' organs of tranfpiration. 
He likewife confiders them to be the inftruments which 
raife the fap. But, it has fmce been difcovered, that co- 
loured liquors rife equally high in branches deprived of 
leaves, and that they do 'not rife at all in dried plants. 
Hence, the fap of vegetables is not taken up in the fame 
manner as a fpunge imbibes water, but is forced to afcend 
by an unknown adion of the veffels. The fpring of the 
tracheae may put in motion the air they contain, and that 
air may haVe fome influence on the general movement. 
But, by whatever powers the fap is moved, the exiftence 
of the motion is certain ; and it is equally certain, that 
this movement of the fap produces the fame effects in the 
vegetable, that the force of the heart and arteries does in 
the animal. 

The motion of the fap, in vegetables, is not properly 

a cir- 
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a circulation fimilar to that of the blood in the more per- 
fect animals. It alcends and delccmls in the lanic vt llcls ; 
a:jd ihefc motions are evidently alfeded by heat and cold. 
The lisip rifes copioully in a warm day, and defccnds durinj^ 
ht, nearly in the fame manner as the mercury riles 
. ..IS in the thermometer. But, though the analofi^y 
here fails with regard to man and the larger animals, yet it 
' taenia, the polypus, and many other inleds, 

\ I^it not the imailell velUges of circulation in 

their juices. 

\ or medullary fubP.anee of plants, has Ionic 
. J to the brain and Ipinal-marrow ot animals. 
WhcR rhe rexcurc of the brain or fpinal-marrow is ile- 
ftr( ■ ' ' • is extin»rui(hed ; and, when the pith of plants 

is ii. , or dried up by irge, they no longer rct:iin the 

power of vegetating. The leaves of plants are analogous 
to ' of animals. It is by the lungs that the pcr- 
fpii . ..nimals i.s chietly effected ; and plants difcharge 

molt ot their iuperiluous moiilure by the leaves. They 
txpofe a large furface to the adion of the fun, which pro- 
duces a iranfpiration lb copious, that fonie phmts throw 
out tificen or twenty times more in a given period, than 
is diicharged from the hunr.m l)ody. When a plant is de- 
prived of its leaves in fummer, inftead of ripening its fruit, 
it i -at danger of dying for want of thole organs 

whi-. : 11 V oti the luperriuous juices that arilc from the 
root. A plant, in this fituation, may be conlidered as la- 
bouring under an ailhma, or dying of a futtocation. 

i^tlido the leaves, plants tranipire by the pores of the 
fkin. But, the quantity emitted in this manner is not 
nearly equal to that which ilfues from the leaves. 'I'he 
fame thing happens with regard to man and quadrupeds. 
Though they likewife perfpire through the fkin, yet by 
much the greater quantity of perfpirable matter is dif- 
eharged by the lungs. Befide throwing out fuperlluous 
or -noxious matter by the leaves, plants, by the fame or- 
gans, ab orb from the ; ' re, and perhaps from the 
f:;n's r.r s, fome unkr; - - . uer, which is neceflary to 
their exiiienc?. The lungs of animals likewife derive, 

from 
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from the fame fources, a particular matter, or principle, 
without which Hfe could not long be continued. 

Another analogy between ihe Itructure of plants and 
animals merits obi'ervation. The round bones of animals 
confill of concentric ftrata, or plates, which can be eafily 
fcparated ; and the wood of plants confills of concentric 
layers of hardened veffels, which feparate when macerated 
in water. A tree acquires an additional ring every year ; 
and, by counting thel'e rings, a pretty exaci; ellimation of 
its age may be attained. 

The branches of plants have been confidered as analo- 
gous to the arms or tentacula of animals. But, this is one 
of thofe ftrained analogies which fliould be carefully 
avoided. The great ufe of branches is evident. By pro- 
ducing an amazing number of leaves, a large furface is ex- 
pofed to the air and fun, to anfwer the important purpofes 
of tranfpiration and abforption. If there is any thing in 
plants analogous to the arms or tentacula of animals, it 
mufl: be confined to fuch fpecies as twift themfelves around 
poles or trees, as the ivy*, the vine |, the convolvulus, 
&c. and to fuch as fupport their trunks on other bodies by 
means of little hooks, as the goofe-grafs ||, and many 
other kinds. 

All thefe analogies, it may be remarked, are confined 
to large animals, and large vegetables ; but they hold not 
in that numerous tribe of plants called graffes. Inftead of 
being filled with wood and pith, their ftems are perfectly 
hollow ; and, to fortify thefe plants, Nature has bellowed 
on them flrong joints, or knots, which are placed at re- 
gular diftances in each fpecies. But, though fome of the 
analogies which fubfifl: between the larger animals and ve- 
getables exilt not in the fmaller plants, this circumftance, 
inftead of infringing, confirms the general plan of Nature. 
To difcover the analogies between tubular plants and ani- 
mals, we muft examine the ftructure of the minuter tribes 
of animated beings. The graifes have neither pith nor 
wood internally ; and the polypus, the taenia, and many 
other infefts, have no bones, heart, or inteftines, but are 
iimple tubes, perfectly refembling the empty ftems of the 

gramineous 

* Hcdcra. + Vltis. \ Galium Aparine, 
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gramineous plants. Befides, the ligneous, or at leaft the 
herbaceous part of thefe plants, is placed on the outfide, 
fimilar to the crullaceous and llull animals, whole bones 
are fituated externally. Another analoj^y mull not be 
omitted. '1 he fiicculent vegetables, luch as the houfe- 
leek*, the mulhro(^m tribes, and many iea-plants, conlill 
almof} entirely oi a pulpy or parenchymatous fublkance, 
and may be crulhed to a jelly by the llightelt i^rcHure. 
The texture of worms, caterpillars, and of all the loft in- 
fers, is extremely fnnilar to that of the fucculent vege- 
tables. 



II.— GROWTH AND NOURISHMENT.. 

THE fecond fource of analogies between the plant and 
animni is derived from the modes of their growth and 
nourifhment. 

Many ingenious theories have been invented, with a, 
view to explain the niyllerious operation by which the 
growth and nourifhmcnt of animals and vegetables are 
effeded. But, I lhall confine myfelf, at prefcnt, to fuch 
remarks as are purely analogical, and may be fully under- 
ftood without a minute knowledge of the diiFerent ways 
by which growth and nourifliment have been fuppofed 
to be accompliihed. 

Animals, like vegetables, gradually expand from an 
embryo or gelatinous (late, and, according to their kinds, 
arrive fooner or later at perfection. This expanfion and 
augmentation of fubftance is the idea conveyed bv the 
word growth. "Without fome nutritious matter taken in- 
to the body, and aflimilated, by the aftion of veflels, to 
the fubftance of the being that receives it, growth cannot 
take place. Moifture is the chief food of plants. But, 
the food of animals, in general, varies with the fpecies. 
This fact led fome philofophers to conclude, that every 
plant extracted from the foil a food peculiar to its own 
nature. It was, however, afterwards difcovered, by re- 
peated experiments, that vegetables can grow, and acquire 

a yer\' 

* Srmpcnivum tcHcnm, Sec. 
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a very confiderable degree of bulk and weight, without 
cxhaufting a .perceptible quantity of the earth in which 
they are planted. Thefe experiments are a lufficient proof, 
that moiilure conftitutes the chief nouriftiment of plants. 
They likewife indicate, that vegetables, however diverfified 
in their figure, denfity, and fibrous arrangement, are more 
fimple in their texture than animals. But, notwith- 
ftanding thefe feeming differences in the nourifhment 
of plants and animals. Nature fails not to obferve the 
fame courfe in both kingdoms. The food of the ani- 
mal, before it is converted into nourifhment, muft go 
through the intricate procefs of digeflion. But, after 
the food has been converted into chyle, and the chyle into 
blood, this blood becomes a common fluid, from which 
all nourifliment and all animal fluids are derived. Here 
the analogy is apparent. Moifture is to the plant pre- 
cifely what bbod is to the animal. Each of them extracts 
its nourifhment from a common fluid ; and, in both, this 
^uid is changed, by the adion of veifels, into the various 
juices peculiar to the different fpecies. 
v.When growth firft commences, the embryos of plants 
and animals are in fimilar circumflances. Soon after con- 
ception, the foetus is inclofed in its membranes, and is 
nouriflied, till mature for birth, by blood which it receives 
from the uterus, and placenta. In the fame manner, the 
embryo of a plant is inclofed in the membranes of the 
feed ; and its fibrous roots are fpread over the lobes, 
or pulpy part. After the feed is fown, and vegetation 
commences, the embryo is nourifhed by moifture, which 
thelob^s abforb from the earth, and convey it to the mi- 
nute tubes of the feminal root. In many plants, thefe 
lobes rife above the furface of the ground, in the form of 
leaves, and continue to nourifh and proted the tender 
plume, or flem, till it acquires fl:rength fufficient to fup- 
port the affaults of the air, and weather. A plant, in 
this fituation, may be faid to have two roots ; one, the fi- 
bres of which are diffufed through the fubftance oi the 
lobes, or feminal leaves, and another attached to the foil. 

The nourifliment thus conveyed to vegetables by the fe- 
minal leaves, is extremely analogous to that of animals 

by 
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by the milk of the mother. The texture of young ani- 
mals is fo !a\- ami unclallic, that the food fuitcd to matiircr 
vears would foon put a period to ilicir exillcnce. But, 
Nature has provided againll: this incouveniency. She has 
endowed females with a fet of vcffels dellined for the fe- 
cretion of a mild liquor, fo far concod:ed and animalized 
as to he adapted to the tender and ilaccitl condition of their 
young. A fimilar provifion of nourillimont is ailcirdcd to 
the voung vegetable. For fome time after the plume and 
radicle have begun to fhoot, their texture is fo extremely 
tender, that thcv are unable to fupport e.u'li other without 
fome foreign aid. This aid is afforded them by the ftmi- 
nal leaves. Thefe leaves abforb dews, air, and other line 
fluids, which are concocted and allimilated in the vcllels 
of the feminal root, and then conveyed, in a kind of ve- 
getable form, to the feeble velfels of the plume. Hence, 
it is apparent, that the nourifliing of young ankiials by 
milk, and of young vegetables by feminal leaves, is the lame 
inftitution of Nature, and effected by funilar inftruments. ^ 
Plants, like animals, pafs gradually from an embryo, or in- 
fant ltate,to thatof puberty. Atthisperiod of their exigence, 
they have acquired that firmnefs of texture, and that evolu- 
tionof parts, whichconfHtute the perfection of their natures, 
and enable themto producebeingsevery way fimilartothem- 
felves. In both kingdoms, the age of puberty arrives later 
or more early, according to the dilference of fpecics. Some 
animals live a few months only. Many of the infect tribes 
are produced, grow to maturity, propagate their kind, and 
die in the courfe of a fingle feafon. Others, as feveral 
flies, beetles, kc. exifl two years. Thus animals have u 
progreliive duration of life. The dormoufe lives fix years, 
the hare feven or eight, the bear twenty or twenty-five, the 
camel forty or fifty, the rhinoceros feventy or eightv, the 
elephant two hundred ; and fome birds and fifhes are fup- 
pofed to exift during three or four centuries. The fame 
progreliive duration takes place among vegetables. Some 
plants are annual, as inoft of the efculent kinds ; others, 
as the hedgc-pariky, tlie wild-carrot *, the parfnip { , the 
fox-glove §, the fcur\ y-grals 11, 5cc. are biennial; others 

exift 

* D-o:u5 Ccr^fa. f PaninacaTa/A-tf. Dlj'raiis/,.,/; i , L .).:,Icjria. 
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cxift three, five, feven, ten, twenty, thirty, fi-ty, and a 
hundred years ; and the oak *, like the elephant and thole 
birds and fifhes which are famed for longevity, continues 
to adorn the forefl: for feveral centuries. 

The manner by which the nutritious particles are ex- 
tracted from food, is very fimilar in' the animal and 
the plant. In the animal, this operation is performed by 
the ladeal veifels, which are diflributed over the internal 
furface of the ftomach and inteflines. In the plant, the 
fame office is performed by the vcflcls of the root and 
leaves. Hence, animals are organized beings nouriihed 
by roots fituated within their bodies ; and plants are or- 
ganized bodies which abforb their nouridiment by roots 
placed externally. Befides, in all viviparous animals, the* 
foetus is nouriflied, not by food taken in at the mouth, 
but by veffels attached to the placenta. Thefe velTels per- 
form' the fame oflice to the foeius, that roots do to vege- 
tables. 

« Warmth and moifturc arc favourable to the produ£lion 
of large and juicy plants ; and the animals that feed upon 
thefe iucculent and rich vegetables, are likewife larger than 
thofe which inhabit cold countries, where the plants are 
fmaller, more rigid, and contain fewer nutritive particles. 

Some plants grow in particular climates only. The 
rubus ardicus, a fpecies of bramble, fo common in Nor- 
way and Canada, hardly endures the climate of Upfal, in 
Sweden. But, the alft7ie ?nedia, or chickweed, and feve- 
ral grafles, are diffufed over almoft the whole globe. In 
the fame rnanner, fome animals, as the camel, the rhino- 
ceros, and the elephant, are produced in warm climates 
only ; while others, as the rein-deer, glutton, and, marmot, 
are confined to the colder regions of the earth ; and man, 
in the animal, like fome graffes in the vegetable, kingdom, 
is univerfal, and inhabits every climate. 

Some plants, as well as fome animals, are amphibious, 
as the rulh | and the frog ; others are parafites, and feed 
on the juices they extract from diiTerent fpecies to which 
they adhere. The miflcltoe|j , for example, feeds upon 
the oak ; mofl; trees afford nourifiiment to certain molTes 
, E and 

* Quercut. t Jhhclis. [j Vifcum. 
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and fungous plants j and every animal is fed upon by fmaf- 
Icr kinds. 

The growth of plants, like that of animals, may be ac- 
celerated or retarded by promoting or checking ihtir per- 
fpiration, and by excluding them from proper exercife and 
air. When men, or other animals, are confined to fitu- 
ations which prevent the free accefs of pure air, their 
growth is retarded ; and their fickly colour indicates a de- 
fedl of vigour. Plants, when placed in fimilar circum- 
ftances, are always weak, dwarfifh, and unnaturally co- 
loured. But exercife is equally necellary to the health 
and vigour of plants, as it is to thofe of animals. The 
exercife of animals is effected by various kinds of fponla- 
neous motion. Plants are likewife exerciled by motion ; 
but that motion is not voluntary : It is communicated to 
them by the adion of the air. The agitation which they 
receive from the winds enables them to extend th^ir roots, 
prevents them from a growth too rapid, and, of courfe, 
ftrcngthens their \\holc fabric. It is owing to the want 
of this ao;itation, that plants brought up in houfes, or iiT 
other confined fituations, flioot out to an unnatural length; 
that their ftems and branches are always flender and weak; 
and that they ripen not their fruit like thofe which are 
expofed to the open air. 

To conclude this branch of the fubjed, plants and ani- 
mals are fo nearly allied, that their growth and nourifli- 
ment are not only effeded by fimilar inftruments, but 
fome parts of animal bodies evidently partake of a vege- 
table nature. Thus, the hairs, the nails, the beaks, and 
the h orns, are a Ipecies of vegetables, as appears from 
their comparative total infenfibility, as well as from the 
mode of their growth and reprodudion. 



III. 
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III.— DISSEMINATION and DECAY. 

WE fhall, next, take an analogical view of the diflemi- 
nation and decay of the animal and vegetable. 

The power of reprodaftion is peculiar to the plant and 
animal. Each of them is capable of producing beings 
every way limilar to the parent. But the modes by which 
this fingular effeft is accomplifhed, are very diiferent in 
appearance. It is our prefent purpore to remove this ap- 
parent difference, and to fhew that animals and vegetables 
multiply their fpecies in a manner extremely analogous. 

Animals have long been divided into viviparous, and 
bvipargus. The one clafs produce their young alive, 
the other lay eggs, which mull be hatched either by the 
heat of the fun, or by that of the mother. This divi- 
fion, though very comprehenfive, is not perfect. Several 
animals have lately been difcovered which are neither 
viviparous nor oviparous ; and there are animals which 
unite both thefe modes of multiplication. 

The viviparous clafs comprehends men, quadrupeds, 
and fome fiflies, reptiles, and infeds. The oviparous in- 
cludes birds, ibme reptiles, and mod of the infect tribes. 
But, the armed polypus, or hydra of Linnasus, inftead of 
being either viviparous or oviparous, multiplies its fpecies, 
as formerly remarked, by fending off fhoots from the body 
of the parent. 

Another fpecies, called the bell-polypus, or hydra Jlento- 
rea of Linnaeus, multiplies by fplitting longitudinally. 
In twenty-four hours, thefe divifions, which adhere to a 
common pedicle, re-fplit, and form four diftind: animals. 
Thefe four, in an equal time, again fplit ; and thus they 
proceed doubling their numbers daily, till they acquire a 
figure fomewhat refembling a nofegay. The young after- 
wards feparate from the parent flock, attach themlelves to 
the roots or leaves of aquatic plants, and each individual 
gives rife to a new colony. 

The 
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The funnel-fliapcd polypus multiplies by fpliitinp tranf- 
vcrlcly. Of the iiuli\ idiials, accordingly, which proceed 
from this divilion, one has ihe old head and a new tail, 
and the other a new head and tlic old tail. The luperior 
divifion fwims oft, and fixes itfelf to fome other fubltance ; 
but ilvj l!i!lri 'r LlivilKMi remains attached to the former 

i ..^ :-iniiiciKs ui.r,i\is another example of nuiltipli- 
cati-.ii by fpouraneous feparalion. This infect divides, 
id)out two-thirds below the head, into two diftind and 
pel vmals ; and it fcems to polfeis no other mode of 
CO the fpecics. 

The multiplication of the various animalcules which 
r' ' ^ in infufions of animal and vegetal^le fubltances, 
jcupied the attention, and eluded the refearches of 
phiicifophef"s. This difcovery of the increafe of fomc 
ktrrrer animals by fpontaneous divifion, gave rifi^to the 
con jechire, that theie microfcopic animalcules miglit mul- 
tiply tiieir numbers in a limilar manner. This conjedture 
was communicated to M. de Sauffure in a letter from 
Bonnet, who received an anfwer, dated at Genoa, Sep- 
tember 28, 1769, to the lollowing purpofe. 

' What you propole as a doubt,' fays M. de Sauffure, 
' 1 have verified by inconteitible experiments, namely, 
' that infufion-animalculcs multii)ly by continued divifi- 
' ons and fubdivifions. Thofe roundilh or oval animal- 
' cules th?.t have no beak, or hook, on the fore part of 
*• their bodies, divide tranfverfely. A kind of ftritture, 
*• or ftrangulation, begins about the middle of the body, 
' which gradually Increafcs, till the two parts adhere by a 
' fmall thread only. Then both parts make repeated ef- 
' forts, till the divifion is completed. For fome time after 
' feparation, the two animals remain in a feemingly torpid 
itate. They afterwards begin to fwim about brilkly. 
' Each part is only one half the fizc of the whole : But, 
' they foon acquire the magnitude peculiar to the fpccies, 

' and nmlti] ' ' milar divifions.' ' To obviate every 

' doubt,' cc. J our iiuthor, ' 1 put a fmgle animal- 

' cule into a drop of water, which fplit before my eyes. 
' Next day, I had five, the day after, fixty, and, on the 

' third 
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' third day, their number was fo great, that it was impof- 

* fible to count them *. 

' Another fpecies, with a beak, or horn, on the fore 
' part of its body, which I obtained from an infulion of 

* hemp-feed, multiplied likewife by divifion, but in n man- 
' ner iiiil more fmgular than the former. This animal- 
' cule, when about to divide, attaches itfelf to the bottom 

* of the infufion, contrafts its body, which is naturally 
' oblong-, into a fpherical form, fo that the beak entirely 

* difappears. It then begins to move brifkly round, fome- 

* times from right to left, and fometimes from left to right, 

* the c^itre of motion being always fixed. Towards the 

* end, its motion accelerates, and, inllead of a uniform 
' fphere, two crofs-likc divifions begin to appear. Soon 
' after, the creature is greatly agitated, and fplits into four 
' animalcules perfedlly fimilar, though fmaller than that 
' from^hich they were produced. Thefe four increafe 

* to the ufual fize, and each, in its turn, fubdivides into 
' other four -j-,' &c. 

The beauties of Nature have been juftly celebrated in 
the uniformity of her produ6tions. This uniformity was 
early remarked, and gave rife to the ancient divifion of 
animals into viviparous and oviparous, which continued to 
be adopted, as an univerfal maxim, till within thefe hundred 
years. Before this period, it was believed by philofophers, 
that all animals were either brought forth alive, or hatched 
from eggs. Among the ancients, indeed, and even down 
to the time of the celebrated Redi, this maxim included 
chiefly the more perfect animals ; for, with regard to moil 
of the infect tribes, they imagined that thefe were produ- 
ced by putreniclion, and the admixture of particular kinds 
of matter. But, Redi, by a feries of unqueflionable ex- 
periments, exploded the doftrinc of the equivocal gene- 
ration of infeds ; and then the maxim, without farther 
inveftigation, was extended to the whole animal kingdom. 
Redi's experiments and remarks turned the attention of 
philofophers to the minuter tribes of animals. In the 
courfe of a few years, accordingly, feveral eminent men 

arefe. 
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arofe. Reaumur, Bonnet, Trenibley, Ellis, SpallanzanI, 
and a multitude of other writers, opened new views with 
regard to the manners and aeonomy of animated bein^^s. 
M. Bonnet has turnirtied inconteilible evidence, that feve- 
ral fpecies of the puceron, or vine-frctter, are both ovi- 
parous and viviparous *. In fummer, thefe injects bring 
forth their young alive ; but, in autumn, they depc>ht 
eggs upon the bark and branches of trees. Here, the in- 
tention of Nature is apparent. The puceron is unable to 
furvive the winter colds ; and, therefore, though vivipa- 
rous during the warm months, the fpecies could not be 
continued without this wife proviiion. The puceron, it 
fhould appear, is naturally difpofed to produce live young. 
The foetus is inclofed in a membrane, which, like that of 
the larger animals, burlls before exclufion. But, when 
the cold feafon commences, the general texture of the 
animals, as well as of the membranes inclofing thi» foetus, 
becomes more firm and tenacious; an 1 this, perhaps, is 
the phyfical reafon why they are viviparous in fummer, 
and oviparous in autumn. Many other flies are known to 
be viviparous. Upon farther examination, all thefe will 
probably be difcovered to be alfo oviparous |. 

The puceron exhibits another phscnomenon ftill more 
fmgular. The maxim, that multiplication preJuppofed 
impregnation by fexual embraces, was formerly thought 
to be univerfal. Neither fhould the reception of this max- 
im be regarded as a matter of wonder ; for it was founded 
on a very general and Ilrong analogy. But, the following 
fads fhow, that Nature, though uniform in many fleps of 
her progrefs, is not invariably limited to the fame mode 
of operation. 

On the 2oth day of May, M. Bonnet took a young 
puceron, the moment after dropping from the womb of 
its mother, and (hut it up in a glafs velTel, to prevent all 
poifibility of communication with any individual of the 
fpecies. A fprig of the tree on which the animal was 
produced, fupplied it with nourifhment. The creature 
changed its fkin four times, namely, or\ the 23d, 26th, 

29th, 

• Trait' d'InfcfloIoEie. par C. Bonnet, torn. i. p.tg^—c^s. S. 
+ Scs Ktaumur, lom. 8, edit, istno, p. 153. ttftq. S. 
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29th, and 31ft days of the fame month. After a minute, 
detail of circumiances, M. Bonnet informs us, that his 
imprifoned puceron grew with rapidity; that, on the ift 
day of June, it brought forth ; and that, from this day 
to the Slit, it produced no lefs than 95 young, all full of 
life and vigour *. He frequently repeated this experi- 
ment, and u was always followed with the fame event. 

M. Bonnet, fufpefting that a fmgle impregnation might 
influence botli the mother and her immediate offspring, 
refolved to obviate every difficulty. For this purpofe, he 
confined, in feparate glaffes, the young of iucceffive births, 
as they dropped from their mothers. Each of thefe, how- 
ever, were equally fertile, though he continued the expe- 
riment to the ninth generation from the original parent f. 

Fadls of this kind, which feem to interrupt the ordi- 
nary current of Nature, fhould infpire philofophers with 
caution. They fhould create reverence for fuch of her 
operations as are already known ; but, they fhould like- 
wife check that rafh fpirit which too frequently draws un- 
limited conclufions, before the fubje<5t be fully inveftigat- 
ed. Of all inductions regarding the hiftory of Nature, 
the neceffity of fexual commerce for multiplying the fpe- 
cies appeared to be the moll general and the mofl legiti- 
mate. The oeconomy of the puceron, however, demon- 
ftrates, that even this law is not indifpenfable, and that 
Nature has the powier of changing her fleps, and of ac- 
complifhing the fame purpofes by various means. 

Having enumerated the different modes by which ani- 
mals multiply their fpecies, I fliall next fhow, that the 
multiplication of vegetables is extremely analogous. 

The viviparous, as well as the oviparous animals, are 
fuppofed to proceed from eggs, with this difference, that 
the young of the viviparous are hatched in the uterus 
previous to their exclufion. 

Many ftriking analogies fubfifl between the eggs of ani- 
mals and the feeds of plants. When placed in proper 
ciicumflances, they both produce young every way fimi- 

lar 

* Bonnet, Traitc d'Infeflolooie, torn. i. p. 39. ; and Reaumur, torn. 12- 
P- 353- S. 

t Idem, torn. i. p. 74. et/«!- S. 
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!ar to the parents. To accomplifli this wonderful r" 
the c^^ requires impregnation, and heat. Moi. ■ , 
warmth, and foil, or fonie fimilar m:itrix, arc ncC'^<'.'**y'' 
for the exclufion of the young plant. This :;n. 
has been extended much farther by Linnaeus, and o.in-i 
fuppcrtcrs of the fcxual fyllem of plants. They main- 
tain, that impregnation is equaily indifpen<"able to the ve- 
getation of the feed, as to the fertility of the egg. But, 
as this dodrinc will be difcufled when wc come to treat 
of fexes in general, we fliall here difmifs it without far- 
ther remark. 

Eggs are not only analogous to feeds, in their genera! 
dei'lination of reproducing individuals, and continuing^ 
the fpecies, but there is a great fimihiriry 'y\ th.' fh uchire' 
and ufes of their refpettive organs. 

The internal parts -of the egg are covered with a cruft, 
or Ihell, and two membranes. Befide thefe, the yoke is 
included in a feparate membrane. When the two firfl 
membranes are removed, the white appears every way 
invcfting the yoke. In the white, or rather on the mem- 
brane of the yoke, a fmall cicatrice is difcernible, in the 
centre of which is the punctuni [aliens^ or embrvo of the 
future animal. After two or three days incubation, this 
piinctum faliens becomes red, and fhoots out blood-veifels, 
which are difperfed through the yoke, in the fame man- 
ner as the veifels of a fuctus are diflributed over the pla- 
centa. 

A feed is likcwife covered with a fhcll, or cruftaccous 
membrane. Another membrane inverts the whole kernel, 
or pulpy lobes of the feed. Each lobe, like the yoke of the 
egg, is involved in a feparate membrane. In every feed 
there is alio a fmall cicatrice, or aperture, through which 
the young plant ilfues. Immediately under this cicatrice, 
the plume, or future plant, is difcernible, refcmbling the 
pumtum fallens of the egg. The branches of the radicle pro- 
ceed from this plume, and are difperfed through the fub- 
flance of the lobes, in the fame manner as the blood-veffels 
iffue from the puncium fjHcns of the egg, and are diftributed 
over the yoke. It is by the pulp of the lobes that the 
-;'J:':1j and plume are nourifiied, till theoncfhoots down 

into 
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into the foil, and the other mounts above the furface. 
In feeds, there is nothing analogous to the wliite of an 
egg. Such a provifion would have been fuperiiuous ; for 
the earth, in which the feeds are to germinate, muft al- 
ways be moift, otherwife'the young plant could not re- 
ceive nouriihment, after iliuirig from the feed. Belkles, 
the eggs of hdies have no white, becaufe they are perpe- 
tually moiftened with water. 

.The analogies arifmg from the multiplication of ani- 
mals and plants, by m^eans of eggs and feeds, are the moft 
common, and the moil obvious. ' Eggs and feeds are evi- 
dently organs formed on the fame plan, and deftined by 
Nature to anfwer the fame general intention : But the 
multiplication of plants, as well as that of animals, is 
not confined folely to one mode. 

The young of viviparous animals, though they proba- 
bly originate from fmail eggs, are not brought forth till 
they have acquired a certain age and firmne'S of texture. 
It may be thought, that there is no multiplication of plants 
which has any refemblance to that of viviparous animals. 
We fliould refledl, however, that plants can multiply by 
buds. Now, a bud has no analogy, either in texture or 
appearance, to a feed. Buds arife from the ftems or bran- 
ches of vegetables. One objeft in their formation is to 
produce leaves and branches, as well as to extend the 
length of the trunk or ftem. But, they are likewife en- 
dowed with the faculty of reproducing new individuals. 
In this refped, trees and flirubs may be confidered as vi- 
viparous plants ; becaufe they produce out of their own 
bodies an organ, which, though differing in e\'ery view 
from a feed, is brought forth alive, and, when properly 
cheriflied, is converted into a being perfedly fimilar to 
the parent, and capable of continuing its fpecies. The 
embryo of a bud commences its exiftence under the bark. 
Here it remains, for fome time, inclofed in membranous 
coverings, and attached to tlie bark by minute fibres, 
which convey to it a nourifhment fuited to its condition. 
When arrived at a certain fize and confidence, it pierces 
the bark, and flioots out into the open air. If allowed to 
lemain. on the parent, it foon burfts through its mem- 
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brancs, and, in time, gives rife to a new branch : But, 
"w hen detached from the parent, and placed in jtropcr eir- 
cumilanccs, it becomes a new individual ot the fame 
fpecies. 

Bulbous-rooted plants furnilii a ilill llronger analogy 
between ihe increale of viviparous animals and that of 
vegetables. In the end of autumn, if the coats of any 
bulbous root be carefully difleded, the entire plant in mi- 
niature will appear in the centre of the root *. In fpring, 
this fmall plant, like a fcetus inclofed in the uterus, pier- 
ces the coats of which the root confifls, and gradually 
grows till it flowers, ripens its feeds, and dies at the ap- 
proach of winter, when a new plant is again formed in 
the old root. Here we have an example of the multipli- 
cation of plants fimilar to that of the puceron ; but the 
order of time is reverfed. The puceron is viviparous in 
fummer, and oviparous in autumn ; but, bulbous-rooted 
plants may be confidered as oviparous in fummer, and 
viviparous iu autumn. 

The fame analogy is to be traced in thofe roots which 
have what arc called cycs^ like the potato. Thefe eyes are 
all plants in miniature, which live in that ftate during 
the winter, and, when committed to the foil, come to 
maturity in fummer. 

There are ftill other modes of multiplying common to 
the aninicd and vegetable. Many plants arc multiplied by 
fuckers, flips, and cuttings. 

The animal kingdom furniflies examples of all thefe 
modes of multiplication. The fuckers of plants have an 
exact analogy to the flioots of a polypus. When feparated 
from the parent, the fucker bncomcs a perfect plant, and 
the flioot of the polypus a perfect animal. Plants arc 
capable of multiplication by flips and cuttings : And the 
port^ns of a polypus, however fmall, or when cut in any 
direction,^ reproduce, and become perfecl: animals of the 
fame fpecies. 

But, fome fpecies of the polypus, the dart-millcpes, and 
fcveral animalcules which appear in infufions of animal 

and 
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and vegetable fubftances, multiply by fplitting, or fpon- 
taneous reparation. Here the analogy between the ani- 
mal and vegetable might be fuppofed to fail. The water- 
lentil, however, a fmall plant, which covers the furface of 
ftagnating pools, multiplies its fpecies by detaching rhin 
films from the under fide of the leaf. Thefe films, or 
tender leaves, produce roots, and vegetate into a regular 
plant. 

We muft not difmifs this fubjeft till another analogy be 
unfolded. All animals have feafons peculiar to their re- 
fpeQive kinds. Some of the larger animds produce in 
the fpring, others in fummer, others in autumn, and 
others in winter. With regard to the infecl tribes, their 
feafons are Hill more various. Every month, every week 
of the year, gives birth to different fpecies. The feafons 
of plants are diverfified in a fnnilar manner. The growth 
of different vegetables is diflributed over the whole year. 
Particular tribes foring up at the fame uniform periods. 
In this beautiful diverfity of arrangement, the intentions 
of Nature are evident. If all plants were to rufh forward 
at the fame time, they would infallibly choke each other. 
The furface of the earth could not afford them room. 
Nature has, therefore, wifely ordained, that the earth fhould 
always be covered with plants : But, ihe has alfo ordain- 
ed, that particular tribes fliould die at ftated periods, to 
make way for the exiftence of others. The fame incon- 
venience would happen, if the produftion of all animals, 
and particularly that vaft number of fpecies, and that 
immenfe profufion of individuals, to which the infed 
tribes give birth, were to take place at one period. The 
air would be fo crowded with noxious creatures, that nei- 
ther man nor the larger animals could poffibly exift. Be- 
fides, the fpecies which feed upon particular plants, if they 
were produced at a time when thefe plants did not fiou- 
rifh, would infallibly perifli for want of food. In Lap- 
land, where the duration of heat is extremely fhort, the 
whole infeds, which inhabit that dreary and barren region, 
are produced in a few weeks. Though the number of 
fpecies, compared with that of the more prolific climates, 
be very limited, the inconvenience is feverely felt. But, 

every 
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every natural evil is accompanicid with loinc advantage. 
The rcin-deer, upon which the exigence of the Lapland- 
ers chieHv depends, are tormented by the fwarms ot Hies. 
To avoid their numberlcfs enemies, ihefe animals leave 
the v.iUies, and afcend the mountains, where the cold h 
too ;irja^ ior the flies to follow. In theJe lofty regions, 
the re--. Jeer feed during the hot feafon, and return to 
the vallies af^er the cold has dellroyed the myriads of in- 
fects. This forced mii^ration has two good ellefts : It 
boih preitTves th6 health of the rein-deer, ar.d the vcge- 
table.'^ in the vallies, which otherwife would have been 
prematurely exhauilcd. 

The operation of engrafting was long thought to be 
peculi ar lo the viegetable kini^doni. But, M. Trembley 
fouiKLthnt feveral {pecies of the frelli-water polypus could 
fuccelsfullv undergo this wonderful procefs. Since his 
time, it has been difcovcred, that the afUnia, or fea-nettle, 
is likewife capable of being engrafted to an individual of 
tjie iame or of a diii'erent fpecies. In all thei'e in^lances, 
the portions of the divided animals grow together, and 
become diitind: individuals. 

Having traced the general analogies between the flruc- 
ture and oeconomy of the animal and vegetable, from the 
rudiments of their exigence till they have acquired full 
maturity, and performed the neceffary oflice of multiply- 
ing their fpecics, we proceed to the lalt and only melan- 
choly brai'ch of this fubjccl, the unavoidable decay and 
der.th of every fucccfiive individual in both kingdoms. 

It is an invariable law of Nature, that all organized 
bodies Ihould have a conl'ant tendency to diiioiution. 
But, the periods of their exiftence vary according to the 
fpecies. Previous to actual refolution, plants as well as 
anin^., 'j^ riiliject tp a number of analogous afledtions 
and When over-heated, plants fliow evident 

marks Oi ...n ^uor and fati gue: Their leaves become (lac- 
cid, their (terns and branches b<:nd toward the earth, 
their juices evaporate, and their whole texture alTumes 
the appearances of weaknefs and decay. The application 
of too great a degree oi cold makes tlic flov/ers, the leaves, 

the 
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the hark, and even the woody fibres, fhrivel and contrad 
in their dimenfions. When deprived of proper light and 
air, their colours fade, and they foon acquire a lurid and 
fickly afpecl. They are likewile fubjeft to be ftarved for 
want of nourifhment. The growth of plants, as well as 
that of animals, is checked by fcanty fupplies of food. 
When the foil or fituation is unkindly, vegetables are al- 
ways weak and dwarfifh, and their prolific powers are di- 
miniflied. They may alfo be poifoned by the abforption 
of fluids hoflilc to their conflitution. Befide thefe gene- 
ral affections, common to the plant and animal, vegeta- 
bles are injured, and often killed, by particular difeafes. 

Some difeafes attack the leaves only, and produce fpots 
of various colours, rugofities, puflules, galls, &c. Others 
are peculiar to the flowers and fruit, and often occaiion 
barrennefs for a feafon ; and fometimes this fterility con- 
tinues during the exiflence of the plant. Others affauit 
the vifcera, or internal organs, and give rife to obfiruc- 
tions, tumors, and a gradual refolution and corruption of 
the whole fabrick. Many of the difeafes of plants are 
produced by the infedt tribes. Their wounds and depre- 
dations are not confined to particular parts, but extend 
from the root to the flem, branches, leaves, flowers, and 
fruit. Infeds not only injure the fub fiance of plants, but, 
by feeding on their juices, deprive them of a part of their 
nourifhment, and occafiion various difeafes or changes in 
their organization. Other difeafes of plants derive their 
origin from change of climate, from miafmata or noxious ' 
vapours in the atmofphere, and from improper culture. 
When wounded by external injuries, vegetables difcharge 
their blood in copious flreams. If the wound be not 
mortal, the fibres on all fides gradually fhoot out, and 
clofe the frafture by a callous fubilance. 

From this general enumeration, it is obvious, that the 
difeafes of plants are not only fimilar to thofe of animals, 
but proceed from the fame caufes. In both kingdoms, 
fome difeafes are only partial or fuperficial, and are cured 
either by Nature, or by the affiflance of art. Others are 
mortal, and fucceeded by a total putrefaftion or decom- 
pofition of the individi^al. 

But, 
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But, though phints fiiould efcape the luimberlcfs dif- 
cafcs which daily threaten them, they have no defence 
againft the flower approaches of old age, and its unavoid- 
able conlequence, death. In progrefs of time, the veflels 
gradually harden and lole their tone. The juices no long- 
er move with equal celerity as in youth. They are not 
abforbed with the lame precifion. They at lalt llagnate, 
and corrupt. This corruption is foon communicated to 
the veflels in which the juices are contained, and produces 
a total cefl"ation of all the vital funcliions. 

The life of animals is divcrfified by a number of fuccef- 
five changes. Infancy, youth, manhood, old age, are cha- 
raderifed by imbecility, beauty, fertility, dotage. All 
thefe viclllitudcs are confpicuous in the vegetable world. 
Weak, and tender in infancy, beautiful and vigorous in 
youth, robull and fruitful in manhood, and, when old 
age approaches, the head droops, the Iprings of life dry- 
up, and the tottering vegetable, like the animal, returns 
to that dud from which it fprung. 

Upon the whole ; by taking a retrofpeclive view of the 
extreme difficulty of afcertaining the boundaries which 
dillinguifli the animal from the vegetable, and of the fimi- 
larities in their ftructure znd organs, in their growth and 
nouriflnnent, in their diilemination and decay, it is ap- 
parent, that both thele kingdoms conflitute the fame order 
of beings, and that Nature, in the formation of them, has 
operated upon one great and common model *. 

CHAP. 

* The numerous attempts wliirh have made by nnturaliflj to define the boun- 
dancswhifh terminate the chain of animals, and to explaiiw the nature and attri. 
butej of the vegetdble Cerics, confidered as a clafs, or order, of living beings cfleit- 
tially difFerioi; ftom animals, have, hitherto, as our author has ohftrved, provt d 
*• abortivr." Even in the pi cfent improved (late of \fdural Knmvlednf. ■ in an a".- of 
which philofophy and v» ifdom, next to the lov.of freedom, are the moft prominent 
anddifliuchve features, our labours have not been able locondua us to an acquaint- 
ance wiMany m^rks, or charaacrs, which decidedly diningtiifh th" world of ani 
xnals and ve;( table$. A late writer, however, Dr Hcdwi^, of Lcipfic, who to 
the k^ov^,.(, ,c of the I'dan-Jl uxmes the talcuts of the PhUofobkcr, i. of ouir.ion 
that there two cl fTt s of be.n;,s are moR uru quivocally diflinguifht d from each 
other by this circiimn.nrc, that ihtjlamiua, or malf orfravs, of vegetables perifh im- 
luediaiely alter they ha.r. performed the important oihcc of fecundation whim 
the fame or;^ans m ainim. U furvlvc this fui./iion, an.!, m moft cafes, are capable of 
repeating it. I do not a'imit the folidity of thi« diflin^ion. I mean not to afTert 
.that antmal* aod vegtiablcs coDftitutc but eiu sreat family oj Langs. h\ the eye of 
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CHAP. II. 

Of the organs and general Jlru6lure of Animals — A Jhort 
'view of the external and internal parts of the human body 
— This firudure compared with thofe of ^ladrupeds^ Birds , 
FifJjcs, and Infeds — How far peculiarities of flrudure are 
conneded with peculiarities of manners and difpofitions. 

T N treating of this fubjecl, it is not intended to dive 
into the depths of anatomical refearch. On the con- 
trary, I fhall exhibit fhort views only of the general ftruc- 
ture and organization of the various claffes of animated 
beings, from man, who is the mod perfed animal of 
which we have any knowledge, down to the infedl tribes. 
Confidering man, therefore, as the ftandard of animal 
perfeftion,; we fhall inftitute frequent comparifons, and 
mark peculiar diftindtions, between him and the brute 
creation, both with regard to form, manners, and faga- 
city. By following this plan, I hope I fliall be enabled to 
render a fubjed which, at firfl fight, may have a forbid- 
ding afped, both interefting and agreeable. 

STRUCTURE OF MAN. 

THE bones may be regarded as the bafis upon w-hich 
the human body is conftruded. The fpine, or back-bone, 
confifts of a number of vertebrae, or fmall bones, con- 
nected together by cartilages, articulations, and ligaments. 
In the centre ef each vertebra there is a foramen, or hole, 
for the lodgement and continuation of the fpinal marrow, 

which 

Nature, there is, moft probably, a diflinftion between thefc objefls ; but this dif- 
tinaion Man has never been able to define. The difcovery is, poffibly, referved 
for foQic happy genius, in an age more enlightened by fcience. 
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which extends from the brain to the rump. From thcfc 
vcrtc'orcc the arched bones called ribs proceed ; and levi n 
of them join the breafl-bonc on each fide, where they ter- 
minate in cartilages, and form the cavity of the thorax, 
or cheft. This cavity contains" the heart and lunj^s ; and 
the tx;fophaguSi or gullet, paifes throu^^h it to reach the 
ftomach. The five lower ribs, with a number of mulrles, 
form another cavity termed the abdomen, or belly, in which 
arc contained the ftomach, the bowels, the omentum, or 
cawl, the liVer, the gall-bladder, the fpleen, the pancreas, 
and the kidneys. The cheft and abdomen are feparated 
from each other by the diaphragm, or midriff. The lower 
part of this laft cavity contains the bladder of urine, and 
the reclum, or termination of the inteftines. Ikfide 
thefe, in female;?, the pelvis includes the uterus and its 
appendages. This part of the cavity is form.ed by theos fa. 
crum, or termination of the back-bone, and the two olla 
innonimata. 

The bones of the cranium and face are very numerous. 
They are conneded together by means of futures, arti- 
culations, and membranes. The bones of the cranium 
include the brain, and its two membranous coverings, 
called the pia and dura mater, and the medulla oblongata, 
of which lalt the fpinal marrow is a prolongation. The 
bones of the upper and under jaw form another cavity 
f(ir the reception of the tongue and organs of fpeech. 

The only remaining bones are thofe of the uJK><-r ^ind 
lower extremities. The fhoulder and collar btmes •arti- 
culate with the top of the arm and brealt-bone. The 
arm-bone, or os humeri, is joined to the two bones of the 
fore-arm, called ulna and radius, and thefe laft to the 
bones of the carpus, or wrift, by means of articulations 
and firm membranes. To the bones of the wrift, thofe 
of the metacarpus and fingers are attached in a fimiiar 
manner. 

With regard to the lower extremities, the thigh-bone 
articulates above with the hip-bone, and below with the 
leg-bone and the rotula, or knee-pan. The leg, like the 
fore-arm, is ccmpofed of two j^ones, the tibia and fibula, 

liich articulate with each other, and with the tarfal, or 
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heel-bones of the foot ; and to thefe lafl the metatarfal 
bones, and thofe of the toes, are joined. 

From this outline, fomc idea may be formed of the 
human fkeleton. The other parts of which our bodies 
are compofed, (hall be mentioned in the fame curibry 
manner. 

The mufcular part of the human fabrick confiils of 
numerous bundles of flelhy fibres. Each bundle, or dif- 
tinct mufcle, is inclofed in a cellular mem rane, bv which 
means they may be raifed, or feparated iTom one another, 
by the hand of the anatomall:. They are inferted, by 
ftrono- tendinous extremities, into the' different bones of 
which the fkeleton is compofed, and, by their contraftion 
and diflenfion, give rife to all the movements of the body. 
The mufcles, therefore, may be confidered as fo manv 
cords attached to the bones ; and Nature has fixed therri 
according to the mofl perfect principles of mecha.nifm, fo 
as to produce the fittefl motions in the bones or parts for 
the movement of which they are intended. 

The heart is a hollow mufcular organ, of a conical fiiapc, 
and confifls of four diftincl cavities. The two largeil are 
called 'ventricles, and the two fmallefl auricles. The heart 
is inclofed in the pericardium, a membranous bag, which 
Hkewife contains a quantity of water, or lymph. This 
water lubricates the heart, and facilitates all its motions. 
The heart is the general refervoir of the blood. By the 
contradions and dilatations of this mufcle, the blood is 
alternately thrown out of, and received into, its feveral 
cavities. When the heart contrafts, the blood is propelled 
from the right ventricle into the lungs through the pul- 
monary arteries, which, like all the other arteries, are 
furnifhed with valves that play eafily forward, but admit 
not the blood to regurgitate toward the heart. The blood, 
after circulating through the lungs, returns into the left 
ventricle of the heart by the pulmonary vein. At the 
fame inflant, the left ventricle drives the blood Into the 
aorta, a large artery which fends off branches to fupply 
the head and arms. Another large branch of the aorta 
defcends along the infide of the back-bone, and detaches 
numerous ramifications to nourifli the vifcera and inferior 
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extremities. After fervmg the moft remote extremities of 
the body, the arteries are converted into veins, which, in 
their return rowiirJ the heart, gradually unite into larger 
branches, till the whole terminate in one great trunk 
called the vena cava, which difcharges iti'elf into the right 
ventricle of the heart, and completes the circulation. 

Belide the heart, the thorax, or cheR, contains the 
lungs, or organs of refpiration. They are divided into 
hve lobes, three of which lie on the right, and two on 
the left fidt: of the thorax. The fubllance of the lungs 
is chiefly compofed of infmite ramifications of the trachea 
or windpipe, v/hich, after gradually becoming more and 
more minute, terminate in little cells, or vcficlcs, which 
have a free communication with one another. At each 
infpiration, thefe pipes and cells are filled with air, which 
is again difcharged by refpiration. In this manner, a cir- 
culation of air, which is neceflary to the exigence of men 
and other animals, is conflantly kept up as long as life 
remains. 

The inflruments and procefs of digeflion fall next to 
be ccnfidered. The ftomach is a membranous and muf- 
•j!ar bag, furniflied with two orifices : By the one it has 
iimunication with the afophii^us, or gullet, and by the 
with the bowels, which begin at the {lomacJi and 
^nate at the anus. In the Qomach and intcftincs there 
e immenfe numbers of minute veffcls called ladcals, 
j mouths of which are conflantly open for the reception 
the nutritious particles. After being moiitcned and 
iiibricatcd by the faliva, the food is received into the fl.o- 
•viach, where it is ftill farther diluted by the gaflric juice, 
s hich has the power of dillolving every kind of animal 
and vegetable fubftance. When the food has remained 
ibine time in the flomach, it is reduced to a greyifli pulp, 
mixed with feme chylous or milky particles. The thinner 
and more perfedl)'' digelted parts of the food gradually 
oil's through the pylorus, or lower aperture of the flomach, 
into the inteftines, where they are ftill farther attenuated 
ind digefted bv the bile and pancreatic juices. While 
riie food is in this fluid (late, it receives the denomina- 
tion of chyle, and is continually abforbed bv the mouths 
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of the la£teal veins. Thefe veiTels arife, like net-vvorl-:^ 
from the inner furface of the inteftines, pafs obliquely 
through their coats, and, running along the mefentery, 
unite, as they advance, into larger branches, and at laft 
terminate in the thoracic duft, or general receptacle of 
the chyle. Befide the lacteals, there is another fyftem of 
velTels called lymphatic^ or abforbent veins* : They are 
minute pellucid tubes, and generally lie clofe to the 
large blood-veffels. Th© lymphatics from all the lower 
parts of the body gradually unite as they approach 
the thoracic dudl, into which they pour a colourlefs fluid 
by three or four large trunks ; and the lymphatics from 
all the fuperior parts of the body, likewife difcharge their 
lymph into the fame duft, as it runs upward to terminate 
in the left fubclavian vein. By tliis curious and beautiful 
machinery, the chyle and lymph, which confifl of the 
nutritious matters extracted from the food, enter the cir- 
culating fyftem, are converted into blood, and afford that 
conftant fupply of nourifliment which the perpetual wafte 
of our bodies demands. 

We fliall next give a fketcli of thofe important organs 
by which we are enabled to multiply and continue the fpe- 
cies. The circulation of tlie blood, and the mode by 
which the quantity of it is continually kept up by frelh 
fupplies of chyle, are efFeds which, in fome meafure, cor- 
refpond with our ideas of the machinery employed. The 
organs of generation exhibit a ftill more complex fpecimen 
of exquifite mechanifm. But, the machinery employed, 
without the aid of experience, could never fuggeit the 
moft diilant ide.? of the elFed to be produced. 

In the male, the organs of generation confift: of the 
teftes, the feminal veffels, and the penis. The teftes are 
two glandular bodies which polTefs the power of convert- 
ing the blood into femen. They are originally formed 
and lodged in the abdomen ; and rt is not till after birth, 
that they commonly pafs into the groin, and from thence 
fall into the fcrotum, which is a mufcular bag prepared 
lor their reception and defence. The teftes of the hedge- 

hSg, 

* The laOcals and lymphatics, properly fpeaking, conftitute the fame grcu; 
fyRcm of veflcls. 
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hoc;, and of fomc other quadrupeds, remain in the abdo- 
men c!urin|j; Viic, Inilances of the fame kind fomctimcs 
iuipnen in the human jpccics. Kach tclliclc is conipolcd 
or" the fperir.atic artery and vein. The blood paflcs very 
:lowly thriHiuli ilie Ipermatic artery, and produces an in- 
finite number of convolutions in the fubiluncc oi the tef- 
li^ie, where it depofits the fcmen, which is taken up by 
the lemeniierous lubes. The'c tubes at length unite, and, 
hy an immcnle number of circumvolutions, form a kind 
of appendix to the teiticle, commonly known by the term 
c D;.r,v/v7;?/j. The tubes of rhe epidydymis, after terminat- 
iu- in an excrctcry duel; called i as Jtfcrcus, i\ice.i\d toward 
the a')dominal rings, and depofit the femen in the lemi- 
i.al velicles, which arc two lolt convoluted bodies fituated 
retv.een the rectum and bladder, and unite at their lower 
extreuiity : From thefe reiervoirs the femen is occafion- 
hHv diichar^cd through the fhort canals which open into 
ihc urethra. Ihc penis is a cavernous and Ipungy fub- 
Ittiiice, pcrfoiaied longitudinally by a canal called the 
'-''/-</, which, by communicating with the bladder and 
vM.w.ul vellels, anlwers ihe double j urpoie of diichurging 
both the urhie and lemen. 

With regard to the fcnuilc organs, the uterus and its 
appenda,:es merit a principal attention. The uterus is a 
hollow mulcular body, fituated between the redlum and. 
bladder, and, ,when not in an impregnated ftate, refem- 
bles a pear, with the thickelt end turned toward the 
abdomen. The entrance into the cavity of the uterus 
ft^rms a fniall protuberance, which has been compared to 
che mouth ol a tench, and Irom this circumllanee it has 
received the nameol js linca:. The uleius is connei:tcd to 
the fides of the pelvis by two broad ligaments, which fup- 
port it iji the vagina in a pendulous fituation. From each 
fide of the bottom of the uturus the two Fallopian tubes 
arife, pais through the fubllance of the uterus, and ex- 
tend along the broad ligaments till they reach the edge of 
the pelvis ; from whence they are reflected backward, and 
turning over behind the ligaments, their extremities hang 
loofe in the pelvis. Thcfc extremities, bccaufe they have 

a ragged 
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a rap^p^ed appearance, are called fimbria, or morfus diaboH : 
Each Fallopian tube is about three inches long. Their 
cavities are at lirft very fmall, but become gradually lar- 
ger, like a trumpet, as they approach the fimbriae. Near 
the fimbria of each tube, about an inch from the uterus, 
are fituated the ovaria, or two oval bodies, about half the 
lize of the male tefticle. They are covered with a pro- 
duftion of the peritoneum, and hang loofe in the pelvis. 
In their fubftance there are feveral minute veficles filled 
with lymph. The number of thefe veficles feldom ex- 
ceeds twelve in each ovarium. In mature females, thefe 
veficles become exceedingly turgid ; and a yellow ccagu- 
lum gradually forms in one of them, which increafes till 
its coat disappears. It then changes into a hemifpherical 
body called corpus liiteum, which is defcribed as being hol- 
low and containing wirhin its cavity very minute eggs, 
each of which, it is fuppofed, may be impregnated, and 
produce a foetus. After impregnation, one of thefe eggs, 
as we are informed by anatomifts, is abforbed by and 
palfes through the Fallopian tube into the uterus, where 
it is nourifhed till mature for birth. 

We fliall conclude this I'ubjecl: with a concife account of 
the infliruments of fenfation. , The organs hitherto de- 
fcribed convey nothing more than the idea of an auto- 
maton, or felf-moving machine. But fenfation, or the 
• perception of pleafure and pain, is elfetted by organs of 
a peculiar kind. Thefe organs are all comprehended un- 
der the general appellations of the bram and nerves. 

Bofide the bones of the cranium, the brain is inveiled 
with two membranes, called dura and pia 'mater, becaufe 
they -were fuppofed by the Arabians to be the fcurce of 
all the other membranes of the body. Under the deno- 
mination of brain are comprehended three diflind parts, 
the cerebrum, the cerebellum, and medulla oblongata. The 
cerebrum is a fort medullary mafs, fituated in the anterior 
part of the Ikull, and divided, by a portion of the dura 
mater, into two hemifpheres. It ccnlifts of two fubflan- 
ces, the cortical, which is greyifh, and the medullary, 
which is fofter, and of a very v^^hite colour. cere- 
bellum is -divided intotv.'o lobes, and its fubftancc is lirmcr 
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and more compact than that of the cerebrum. It is like- 
wife compofcd of the cortical and medullary fubrtances- 
Tlie reunion of the medullary fublhmccs of tlie cerebrum 
and cerebellum, at the bafis of the Ikull, forms the nic» 
dulla ob/o7igata, of which the fpinal marrow is a continu- 
ation. The brain of the human fpecics is proportionally 
much larger than that of quadrupeds. 

The brain and fpinal marrow are fuppofed to be the 
origin of all the nerves or inftruments of fcnfation. Tiie 
lierves are, in general, cineritious, fhining, inelaltic cords. 
But, they differ from each other in fize, colour, and con- 
fillence. From numberlefs experiments and obfcrvations, 
it is unqueftionable, that the nerves are the inltruments 
both of fenfation and of animal motion. But, how thcfe 
cffecls are produced by the nervous influence, is a dif- 
covery dill to be made. The inquiry, however, has 
given rife to feveral ingenious conjeftures and hypothe- 
fes. Some phyfiologifU have maintained, that the nerves 
are folid cords, which may be divided into an infinite 
number of minute filaments ; and that, by the vibrations 
of thcfe cords, the various impreflions and modifications 
of feeling are conveyed to the brain. Others, with more 
plaufibility, have fuppofed that the nerves are alTcmblages 
of fmall tubes ; that a fubtiie fluid, fometimes called ani- 
mal fpirits, is fecreted in the brain and fpinal marrow ; 
and that by the influence or motions of this fluid all the 
fenfations of animals are tranfmitted to the fenforium, or 
general repofitory of ideas. But, it is needlefs to dwell 
upon a fubjedl covered with darknefs, and which all the 
cffortsof human powers will probably never bring to light. 

Anatomiflis have defcribed forty pair of nerves. Ten, 
of them proceed from the medulla oblongata of the brain, 
and thirty from the fpinal marrow. Thefe nerves, by 
fending ofl' innumerable ramifications, are diflributed, 
like a net-work, over every part of the body, till they 
terminate, in the form of minute papilla:, upon the fl^in. 
That the nerves are the immediate inftruments of fen- 
fation, as well as of mufcular motion, has been proved 
by a thoufand uncontrovertible experiments. When the 
trunk of the fciatic nerve is cut, the thigh and leg on 
, that 
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that fide inftantly lofe all motion, and all fenfe of pain, 
below the incifion, and neither time nor art can ever re- 
ftore the power of feeling or of moving. But the parts 
between the incifion and the fpinal marrow, which is a 
continuation of the brain, retain their ufual degrees both 
of motion and of fenfation. From this experiment, it 
is evident, that the nerves are the organs by which fenfa- 
tion and motion are effe£led, and that, for thcfe import- 
ant purpofes, an uninterrupted connection between any 
particular nerve and the brain, or fpinal marrow, is in- 
difpenfible. 

This fketch of the human fabrick requires an apology 
to anatomical readers, who muft be fenfible of its many 
imperfedions. To perfons who have not ftudied that 
curious and ufeful Icience, I imagined a general view of 
the ftrufturc of man, if properly compofed, might enable 
them to acquire more diftin£t ideas of the many feeming 
deviations from the common plan obferved by Nature in 
the formation of the inferior and more imperfed animals. 



OF THE STRUCTURE OF QUADRUPEDS. 

HAVING delineated the ftrufture and organs of the 
human fpecies, it is worthy of rema^-k, that the intelled:^ 
or fagacity, of inferior animals augments or diminilhes in 
proportion as the formation of their bodies approaches to, 
or recedes from, that of man. Quadrupeds, accordingly, 
are more intelligent than birds ; the fagacity of birds ex- 
ceeds that of fifhes ; and the dexterity and cunning of 
fifhes are fuperior to thofe of mod of the infe£t tribes. 
The fame gradation of mental powers is exhibited in dif- 
ferent fpecies of the fame clalTes of animals. The form 
of the orang outang makes the neareft approach to the 
human ; and the arts he employs for his defence, the ac- 
tions he performs, and the fagacity he difcovers, are fo 
aftonifliing, that fome philofophers have confidered him 
as a real human being in the mod debafed ftage- of focie- 
ty. Next to the orang outang, the organs of the different 

ipecies. 
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fpccic-; of apes and monkeys hnvi- cfl rrrcni- 

blance tothofe of man; anil thcin powers ot imi 
rhc'ir .iddref^ in procurin;:; their fodt!, an J 
fheir Young, iheir ingenuity, and their f.i;, n- 
ners, have contributed to the nmufcmcnt, and excited 
the admiration, of mankind in all aces nnd nations. The 
fame relation between form and intelled may be traced 
in the do^, the cat, the fow, the horfo, the flieep, and the 
othvT fpecies of quadrupeds. 

With regard to the jTeneral flructuvc and fic;ure of rpSi- 
drnpeds, a great variety is exhibited in the different kirn's. 
Bu% when examined in detail, it is apparent that ?h^y, 
as well as man, are all formed upon one primiu»'e .ind 
:;encral defiqn. Bcfide the organs of fenfation, of circu- 
lation, of digeftion, and of generation, without which 
.'■v)(t animals could neither fubfill nor multijily, there is, 
even among thofe parts that chiefly contribute to variety 
in external form, fuch a wonderful rcfcmblance as neccf- 
.irily conveys the idea of an original plan upon which 
' he whole has been executed. For example, when the 
parts coni'fituting a horfe arc compared with the human 
;ramc, inltead of being ffruck with their difl'erence, we 
ire alloniflicd at their fingular and ahnoft perfed rcfem- 
blancc. Take tb.'j fl-:elcton of a man, fays Buirm, incline 
the bones of the pelvis ; fhorten thofe of the thighs, legs, 
..!id arms ; join the phalanges of the fingers and toes ; 
'cngihen the jaws by fliortening the frontal bones ; and, 
laflly, e::tcnd the fpine of tlie back. This fkeleton would 
no longer reprefent that of a man : It would be the fkele- 
ton of a horfe. For, by lengthening the back-bone and 
the jaws, the number of the vertebrae, ribs, and teeth, 
would be increafed ; and it is only by the number of 
thefe bones, and by the prolongation, contraction, and 
iunclion of others, that the fl>:*jleton of a horfe differs from 
that of a man. The ribs, which are elfential to the figure 
of animals, are found equally in man, in quadrupeds, in 
birds, in fiHics, and even in the turtle. The foot of th^ 
••orfe, fo apparently different from the hand of a man, is 
( ompofcd of fimilar bones ; and, at the extremity of each 
jinger, we have the fame fmall bone, refeuibling the fhoe 

of 
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of a horfe, which bounds the foot of that animal. Raife 
the fkeletons of quadrupeds, from the ape-kind to the 
moufe, upon their hind-legs, and compare them with the 
fkeleton of a man, the mind will be inftantly flruck with 
the uniformity of ftrudure and . defign obferved in the 
formation of the whole group. This uniformity is fo 
conftant, and the gradations from one fpecies to another 
are fo imperceptible, that to difcover the marks of their 
difcrimination requires the moft minute attention. Even 
the bones of the tail will make but a flight impreffion on 
the obferver. The tail is only a prolongation of the os coccy- 
gis,or rump-bone, which is fliort in man. The orang-outang, 
and true apes *, have no tail; and, in the baboons-^ and feve- 
ral other quadrupeds, the tail is exceedingly fhort. Thus, 
in the creation of animals, the Supreme Being feems to 
have employed only one great idea, and, at the fame 
time, to have diverfified it in every poffible manner, that 
men might have an opportunity of admiring equally the 
magnificence of the execution and the fimplicity of the 
defign. 

In quadrupeds, as well as in man, the bones are con- 
ne6ted by articulations and membranes ; and the different 
movements of thefe bones are performed by the operation 
of mufcles. The number, difpofition, and form of the 
mufcles, with a few exceptions arifing from the figure and 
deftination of parts peculiar to particular animals, are 
nearly the fame in men and in quadrupeds. The circu- 
lation of their blood, the fecretion of their fluids, and 
the procefs of digeflion, are carried on by organs per- 
fectly fimilar to thofe of the human body.. In the exter- 
nal covering, a fmall difference takes place. Quadrupeds 
are furniflied with a thick covering of hair, or wool, to 
defend them from the injuries of the weather. Being 
defl;itute of art fulflcient to make garments. Nature has 
fupplied that defed:, by giving them a coat of hair, which 
varies in thicknefs according to the feafon of the year, and 
the difference of climate. In Ruffia, Lapland, Kamtf- 
chatka, and all the northern regions, the furs of animals, 
are very thick and warm. But, in Turkey, Africa, and 
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the fouthern parts of Afia and America, moft quadrupeds 
are thinly clad, and fomc of them, as the Turkifh dog, 
arc totally dellitute of hair. 

The (kin of quadrupeds is difpofed nearly in the fame 
planner as the human, only it is more claftic. Immedi- 
ately under the fkiii, there is a thin mufcuhir fubfbnce, 
called panniculus carncfusy v hich is common to all qua- 
drupeds, except the hog and armadillo* kinds. Thii 
fubllance, which is peculiar to quntlrupeds, chiefly covers 
the trunk, and, by fuddenly lliaking ;ind IhrivcUing the 
(kin, enables thefe animals to drive oft" infects, or other 
offenfive bodies. 

The fubflance of the nerves, or organs of fenfation, is 
the fame in the quadruped and in man. They originate 
from the brain and fpiiial marrow, and are diflribuled 
over all the internal and external parts of the body, in the 
fame manner as in the human frame. 

Thus, it appears, that, in general flrudure and organi- 
zation, the brute creation is nearly allied to the human 
fpecies. Some differences, however, merit attention ; 
becaufe a flight variation in rtru6bure, efpccially of the 
internal organs, is often accompanied with great diver- 
fities in difpofitions, food, and manners. 

Some animals feed upon flefli, others upon vegetables, 
and others upon a mixture of both. The dirpofuions of 
fome fpecies are fierce ; and their manners convey to us 
the ideas of cruelty and of barbarifm : The difpofitions 
and manners of other fpecies are foft and placid, and ex- 
cite in us ideas of mildnefs, complacency, and innocence. 
The ferocity of the tyger and hyaena forms a perfect con- 
trafl to the gentienefs and inoffenfive behaviour of the 
fheep and the ox. This oppofition of manners has given 
rife to the diftinclion of animals into rapacious and mild, 
carnivorous and herbivorous. In the flruclure of thefe 
animals, whofe characters are lb oppofite, fome differen- 
ces have been difcovered, which indicate the intentions 
of Nature in forming them, and fully juftifv the feeming 
cruelty of their condutt. 

!n all the carnivorous- tribes, the {lomaci; . opoi liini- 
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ally fmaller, and the interlines fiioncr, than in thofe ani- 
mals which feed upon veo-etablcs. As animals of the 
former kind live folcly on ficfh, the fhortnefs and narrow- 
nefs of their inteftines are accommodated to the nature 
of their food. Animal food is more eafily reduced to 
chyle, and becomes fooner putrid, than vegetable. Of 
courfe, if its juices were allowed to remain long in the 
inteftines, inltead of nouriHiing the body, they would 
produce the moft fatal diftempcrs. Befide this accom- 
modation of the inteftines to the nature of their food, 
carnivorous animals are furniflied with the nccefiary in- 
ftruments for feizing and devouring their prey. Their 
heads are roundilli, their jaws ftrong, and their tufks very 
long, and fharp. Some of them, as the lion, the tyger, 
and the whole cat-kind, are provided with long retradtile 
claws. Thus, both the internal and external ftrudure of 
this clafs of animals indicate their deftination and man-r 
ners. The rapid digeftion of their food is a confequence 
of the ftrength and Ihortnefs of their inteftines ; and the 
intolerable cravings of their appetite ncceffarily create a 
fiercenefs and rapacity of difpofition. Nothing lefs than 
blood can fatiate them. Their cruelty, and the devafta- 
tion they make among the weaker and more timid tribes, 
are eifefts refulting folely from the ftrudure and organs 
with which Nature has thought proper to endow them. 
Hence, if there be any thing reprehcnfible in the man- 
ners and difpofitions of the carnivorous animals. Nature 
alone is to blame ; for all their adions are determined by 
the irrenftibie impulfes of their organization. But, even 
in this feemingiy-cruel arrangement, Nature muft not be 
rafhly accufed. When we com.e to treat of the hoftilities 
of animals, I hope to be able to fliow, that Nature, in 
the formation of rapacious creatures, has a6led with her 
ufual wifdom, and that beings of this kind have their ufes 
in the general fyftem and ceconomy of the univerfe. 

As to the herbivorous tribes, or thofe animals which 
feed upon grain and herbage, a flight variation of organs 
produces the grcateft effeds upon their difpofition and 
manners. The inteftines of this tribe are very long, capa- 
cious, and convoluted. Vegetable food, efpecially herbage, 
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contains a fmaller quantity of nutritive matter than the 
fle(h of animals ; neither is it fo cafily reduced to chyle. 
A larger quantity, therefore, as well as a longer detention 
in the ftoniach and inreftincs, is necelfary for the nourifli- 
ment of thcfe creatures. Several quadrupeds comprehend- 
ed under this order ruminate, or chew the cud. Thefe 
are furnifhcd with no lefs than four ftomachs. The food, 
after maflication, is thrown into the firft ftomach, where 
it remains fome time ; after which, the animal forces it 
up again into the mouth, and gives it a fecond chewing. 
It is then fent direftly into the fecond ftomach, and gra- 
dually palTes into the third and fourth ; and, laftly, it is 
tranfmitted through the convolutions of the inteftines, 
and the dregs, or fasces, are thrown out of the body. By 
this machinery, herbivorous animals are enabled to de- 
vour large quantities of vegetable aliment, to retain it 
long in their bowels, and confequently to extraO: from it 
nutritive matter fufficient for their growth, fupport, and 
multiplication. Here the quantity compenfates the qua- 
lity of the nutriment. 

It is true, that the horfe, the afs, the hare, and fome 
other animals which live upon herbage and grain, have 
only one ftomach. But, though the horfe and afs have 
one ftomach only, their inteftines are furniftied with facs 
or pouches fo large, that they may be compared to the 
paunch of ruminating animals ; and hares, rabbits, the 
Guiney-pig, &c. have blind guts fo long and capacious, 
that they are equivalent to a fecond ftomach. The hedge- 
hog, the wild boar, the fquirrel, &c. whofe ftomach and 
inteftines are of a mean capacity, eat little herbage, but 
live chiefly upon feeds, fruits, and roots, which contain, 
in fmall bounds, a greater quantity of nutritive matter 
than the leaves or ftems of plants. 

'-'The external form of herbivorous animals, like that of 
the rapacious, is accommodated to their difpofitions and 
the oeconomy they are obliged to obferve. That they 
might be enabled to reach the furface of the earth with 
eafe, the legs of the larger kinds are proportionally fhort ; 
their head and neck long ; and the mufcles and tendons 
of the neck are endowed with prodigious ftrcngth. With- 
out 
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out thefe peculiarities of ftructure, they could not fupport 
the prone pofture of the head in the tedious operation of 
browfing large quant4ties of herbage. The arrangement 
and form of their teeth likewife indicate the deftination of 
the ruminating tribes. They have no cutting teeth in the 
upper jaw ; and they are totally deprived of tufks, or ca- 
nine teeth. This lafl; circumftance, joined to their want 
of claws, (hews that they are not intended to prey upon 
other animals. Horns are the only weapons of defence 
with which they are provided. From the nature of their 
food, therefore, and the internal and external configura- 
tion of their bodies, it is evident, that animals of this 
defcription muft be humble in their deportment, and mild 
in their difpofition. This order of animals, accordingly, 
have uniformly been celebrated for gentlenefs of manners, 
fiibmiffion, and timidity. Man has availed himfelf of 
thofe difpofitions, by reducing almoft the whole of this 
tribe to a domeftic ftate. But, in all this gracioufnefs of 
afped and tra£lability of temper, the animals themfelve's 
have no merit. Their motions and adions are necctfary 
fefults of the organs which Nature has beftowed on them. 
It is obvious, therefore, that the diverlity of taftes and 
difpofitions exhibited by different animals, arifes not folely 
from any fuperior agreeablenefs of particular kinds of 
food to their palates, or to a particular bias of their minds 
to benevolence and peace, but from a phyfical caufe de- 
pending on the ftructure of their bodies. 

From what has been advanced, it follows, that man, 
whofe ftomach and inteftines are proportionally of no 
great capacity, could not Hve upon herljage alone. It is 
an inconteftible fa£t, however, that he can live tolerably 
well upon bread, herbs, and the fruits, roots, and feeds of 
plants for we know whole nations, as well as particular 
orders of men, who are prohibited by their religion from 
eating any animal fubftance. But, thefe examples are not 
fufficient to convince us, that the health, vigour, and 
multiplication of mankind would be improved by feeding 
folely upon pot-herbs and bread. Befides, his ftomach 
and inteftines are of a mean capacity between thofe of 
the carnivorous and herbivorous animals. From this 
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ICC alone we are warranted to conclude, that 
onJcd him to feed partly on nniinal and partly 
lubftancos : And daily experience teaches us, 
\ d in this manner are larger, ilrongcr, and more 
proiilic, ihan thofe who are confined to a vegetable diet. 
If man had no other fources of fuperiority over the other 
animals than thofe which originate from the ftructure of 
his body, his difpofitions ought to be. a medium between 
thofe of the carnivorous and herbivorous tribes. When 
cbnfidered merely as an animal, this appears to be really 
the cafe. Vulgar and uninformed men, when pampered 
with a variety of animal food, arc much more choleric, 
fierce and cruel in their tempers than thofe who live chiefly 
on vegetables. Animal food heat* the blood, and makes 
it circulate with rapidity. In this fituation, every obje£t 
capable of exciting appetite or pafiion operates with re- 
doubled force. The weak mind yields to the impulfe, 
and gives vent to every fpecics of outrage which can de- 
bafe human nature. 

In the formation of his body, man has fome advant- 
ages over particular animals. But, thefe advantages are 
inconfidcrable, and none of them, perhaps, are peculiar 
to the fpecies. The llrucbure of all animals is nicely ad- 
juficd to their deftination, and the ftation they occupy in 
the general fcale of being. The body of man is ered, 
and his attitude is faid to be that of command. His ma- 
jellic deportment, and the firmnefs of his movements, an- 
nounce the fuperiority of his rank. His arms are not 
mere pillars for the fupport of his body. His hands tread 
not tlie earth ; neither do they lofe, by friclion and pref- 
fure, that exquifite delicacy of feeling for which Nature 
had originally intended them. His arms and hands, on 
the contrary, are formed for purpofes of a more noble 
kind. They are deftined for executing thq commands of 
his will, for laying hold of bodies, for removing obfta- 
clcs, for defending him from injuries, and for feizing and 
retaining objects of pleafure. The features of this picture 
are exaft delineations ; but they are not the exclufive pri- 
vilege of man. The orang-outang walks erect, and he 
derives equal advantages from his hands and arms as the 

human 
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human fpecies. Some apes have likewife the power of 
walking ere£l, with the additional faculty of employing 
their hands and arms as legs. They can walk, run^ or 
leap, by the inllrumentality either of two or of four ex- 
tremities, as their fituation oj neceflities may require. It 
is not, therefore, the fabrick of man's body that entitles 
him to claim a fuperiority over the other animals. The 
formation of their bodies is adjufted with equal fymmetry 
and perfection to the rank they hold in the general fyflem 
of animation. Many of them excel us in magnitude, 
ftrength, fwiftnefs, and dexterity in particular movements. 
Their fenfes are often more acute ; they feize their prey, 
or procure herbage, fruits, and feeds of trees, with more 
facility than man, when limited to the powers of his ani- 
mal nature. Hence the great fourceof man's fuperiority 
over the brute creation muft be derived from his mental 
faculties alone. Brutes enjoy the fame inftinds, the fame 
appetites, and the fame propenfities, as appear in the con- 
ftitution of the human mind. But, the inftinds of brutes, 
though they are exerted with great certainty and precifion, 
are much circumfcribed with regard to extenfion and im- 
provement. Like man, they derive advantages from ex- 
perience. But, the conck.fions they draw from this fource 
are always feeble, and extremely limited. Neither do they 
polfefs the ineftimable faculty of tranfmitting the know- 
ledge acquired by individuals from generation to genera- 
tion. By means of their fenfes, they learn to diftinguifh 
their enemies, or hurtful objeds, at a diftance ; and they 
know how to avoid them. Experience teaches them to 
difcriminate objects of pleafure from thofe of pain ; and 
they ad according to the feelings excited by thefe objefts. 
Some animals can even accommodate their inftindts to 
particular circumftances and fituations. The feelings of 
brutes are often more exquifite than ours. They have 
fenfations ; but their faculty of comparing them, or of 
forming ideas, is much circumfcribed. A dog or a mon- 
key can imitate fome human adions, and are capable of 
receiving a certain degree of inftrudion. But, their pro- 
grefs foon flops : Nature has fixed the boundaries of men- 
tal, as well as of corporeal, powers ; and thefe boundarie,^ 



^4 THE PHILOSOPHY 

are as vr.rious as the number of diflind fpecics. Our 
wonder is equally excited by the fagacity of fome ani- 
mals, and by the ftupidity of others. This gradation of 
mental faculties originates from the number or paucity of 
inflincts bellowed on particular fpecies, joined to the 
greater or fmaller power of extending or modifying thefe 
inlHndts by experience and obfervation. Man is endow- 
ed with a greater number of inftinfts than any other ani- 
mal. The fuperiority of his rank, however, does not 
proceed from this fource alone. Man enjoys beyond 
cver\ other animal the faculty of extending, improving, 
and modih'ing the different imtindls he has received from 
Nature. It is this faculty which enables him to compare 
his feelinirs, to form ideas, and to reafon concerning 
both. '1 he bee makes cells, and the beaver conllruds 
habitations oT clay. The order of their architecture, 
however, is invariably the fame. Man likewife builds 
houfes : But, he is not forced, by an irrefiftible inftinft, 
to work always on the fame plan. His habitations, on 
the contrary, vary with the fancy of the individuals who 
defign and conflru£l them. 

Upon the whole, the dignity of man's rank depends 
not upon the ftrudure of hi^:. organs. It is from the 
powers of his intelle£t alone that he is entitled to claim a 
fuperiority over the brute creation. Thefe powers enable 
him to form ideas, to abftraft, to reafon, to invent, and 
to reach all the heights of fcience and of art. 

The remarks formerly made are applicable to quadru- 
peds in general. But, before concluding this branch of 
the fubjecl, we fhall point out a few peculiarities in the 
flrufture of particular fpecies. 

Befide the four flomachs common to ruminating ani- 
mals, the camel and dromedary have a fifth bag, which 
Serves them as a refervoir for holding water. This bag 
is capable of containing a very large quantity of that ne- 
ceflary element. When the camel is thirfty, and has oc- 
cafion to macerate his dry food in the operation of rumi- 
nating, by a fimple contraftion of certain mufcles, he 
makes part of this water afcend into his flomach, or even 
as high as the gullet. This fingular conftrudion enables 

him 
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him to travel fix, eight, or even twelve days in the fandy 
defarts, without drinking, and to take at once a prodigi- 
ous quantity of water, which remains in the refervoir 
pure and limpid ; becaufe neither the humours of the 
body, nor the juices that promote digeftion, can have ac- 
cefs to it. Befide this Angularity of llructure, the camel 
has two large flefhy bunches on his back, and the dro- 
medary, or fwift camel, one bunch ; and the feet of both 
are covered with a very tough, but flexible, fubffcance. 
The conformation of thefe animals enables them to tra- 
vel with heavy loads through the fandy defarts of the 
Eafl, where the horfe or the afs would inevitably perifh ; 
becaufe Nature has not provided thena with refervoirs for 
holding and preferving water, which are indifpenfible 
in countries where none of that element can be pro- 
cured but in particular places, that are often diftant 
many days journey from each other. When we con- 
fider the ftru6ture of the camel and dromedary, we 
cannot be deceived with regard to their deftination. 
The four ftomachs indicate a vegetable diet, and the fame 
docility and gentlenefs of manners which charaderife the 
whole ruminating tribes. From the addition of a fifth 
bag, or refervoir for the reception and prefervation of 
water, we Ihould expedt to find fome peculiarity of dif- 
pofition. In this conjecture we are not deceived. Of 
all animals which man has fubjugated, the camel and 
dromedary are the moft abje£t flaves. With incredible 
patience and fubmiffion they traverfe the burning fands 
of Africa and Arabia, carrying burdens of amazing weight. 
Inftead of difcovering fymptoms of relu£lance, they fpon- 
taneoufly lie down on their knees till their mafter binds 
the unmerciful load. Arabia and fome parts of Africa^ 
are the drieft and moft barren countries in the world. 
Both the conftitution and flrufture of camels are nicely 
adapted to the foil and climate in which they are produc- 
ed. The Arabians confider the camel as a gift fent from 
heaven, a facred animal, without whofe aHiftance they 
could neither fubfift, traffick, nor travel. The milk of the 
camel is their common food. They alfo eat its flefh j 
and of its hair they make garments. In polfellion 
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feflionof their camels, the Arabs want nothing, and have 
nothing to fear. In one day thev can perform a journc ) 
of fifty leagues into the defart, \\ hich cuts oif every ap- 
proach from their enemies. All the armies in the world 
would perifii in purfuit of a troop of Arabs. An Arab, 
by the alfiltance of his camel, furmounts all the difiicul- 
ties of a country which is neither covered with verdure, 
nor fupplied with water. Notwith(tanding the vigilance 
of his neighbours, and the lupcriority ol ihcir llrengih, 
he eludes their purfuit, and carries off", with impunity, 
all that he ravages from them. When about to under- 
take a depredatory e::pedition, an Arab makes his camels 
carry both his and their own provifions. When he reach- 
es the conlincs of the defart, he robs the firll palfcngcrs 
who come in his way, pillages the folitary houfes, loads 
his camels with the booty, and, if purfued, he accelerates 
his retreat. On thefe occafions he difplays his own ta- 
lents, as well as thofc of the camels. He mounts one ot 
the Hcetell:, condudls the troop, and obliges them to tra- 
vel day and night, without almofl either (lopping, eat- 
ing, or drinking ; and, in this manner, he often per- 
forms a journey of 300 leagues in eight days. 

Another order of quadrupeds deferves our notice. Thofe 
which have been diltinguilhed by the appellation of am- 
phibious, are capable of remaining a long time under 
water. They live chiefly upon fifhes, and, without this, 
faculty of continuing a confiderable time under water, 
they v/ould be unable to procure their food. To this tribe 
belong thefeal *, the walrusf, the manati|, the fea-lionj|, 
&c. The feal and walrus are more'nearly allied to land- 
quadrupeds than to the cetaceous animals ; becaufe they 
hzrve four diltinct legs, though nothing but the feet pro- 
ject beyond the Ikin. The toes of the feet arc all con- 
nected by membranes, which enable thefe animals to 
fwim in quefl: of their prey. They differ from terreftrial 
quadrupeds by the fmgular faculty of living with equal 
e?A'e either in air or in water. This peculiarity of ceco- 
nomy and manners prefuppofes the necelHty of fome de- 
viation 

* The jrcnus Pfioca of I.in: : * Trithrcns RrftJttrvs. 

* Tilibfcus Aiumiius. ' Phora Lectiina. 
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viation from the general ftructure of quadrupeds ; and 
Nature has accomplifhed this purpofe by a very fimple 
artifice. 

<' iln man, and in all land-quadrupeds, the lungs of the 
fcEtus have no motion, and receive no more blood than 
is requifite for their growth and nourifhment. But, im- 
mediately after birth, the young animals refpire, and the 
whole mafs of blood circulates through their lungs. To 
carry on the circulation in the fcetus-ftate, another paf- 
fage was necelfary. The blood in the right auricle of 
the heart, inftead of paffing into the pulmonary artery, 
and, after circulating through the lungs, returning into 
the left auricle by the pulmonary vein, pafie? diredliy 
from the right to the left auricle through an aperture 
called the foramen ovale, which is fituated in the partition 
of the heart that feparates the cavities of the two auri- 
cles. By this contrivance, the mafs of blood, without 
deviating into the lungs, enters the aorta, and is diftri- 
buted over every part of the body. In man, and the 
other terreltrial animals, the foramen ovale of the heart, 
which permits the foetus to live without refpiration, clofes 
the moment after birth, and remains fhut during life. 
Animals of this conftrudion can neither live without air, 
nor remain long under water, without being fuffocated. 

But, in the feal, walrus, and other amphibious animals, 
the foramen ovale continues open during life, though the 
mothers bring forth on land, and refpiration commences 
immediately after birth. By means of this perpetual 
aperture in the feptum, or partition, of the heart, which 
allows a direft communication of the blood from the 
vena cava to the aorta, thefe arximals enjoy the privilege 
of refpiring, or not, at their pleafure. • 

This Angularity in the ftrudture of the heart, and the 
confequent capacity of living equally on land and in 
water, muft necelfarily produce fome pecuHarities in the 
manners and difpofitions of amphibious animals. The 
feal, accordingly, whofe hiftory is bed known, may be 
confidered as holding the empire of the lilent ocean. To 
this dignity he is entitled by his voice, his figure, and 
his intelligence, which render him fo fucerior to the 

fifhes, 
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fifties, that they feem to belong to another order of be- 
ings. Though his oeconomy be very dittcrent from that 
of our domeliic animals, he is fufceinible oi a Ipccies ot 
education. He is reared by putting him frequently in 
water. He is taught to give a faluie with his head and h'\i 
voice. He approaches when called upon. His fenfes are 
equally acute as thofe of any quadruped ; and, of courfc, 
^118 fenfations and intellecl afe equally adive. Both arc 
exhibited in the gentlenels of his manners, his fecial dif- 
pofition, his affedion for the female, his anxious attention 
to his offspring, and the expreflive modulation of his 
voice. Befides, he enjoys advantages which are peculiar 
to him. He is neither afraid of cold nor of heat. He 
lives indifferently on herbs, flcfh, or fifli. He inhabits, 
without inconvenience, water, land, or ice. When af- 
filtance is neceffary, the feals underftand and mutually 
affift one another. The young diftinguifh their mother 
in;the midft of a numerous troop. They know her voice; 
and, when (he calls, they never fail to obey. 

Before difmiffmg this branch of the fubjcct, the ele- 
phant mull not be paffed over in filence. His (trudlure is 
uncommon, and fo are his talents. The elephant is the 
largeft and moit magnificent animal that at prefcnt treads 
the earth. Though he daily devours great quantities of 
herbage, leaves, and branches of trees, he has but one fto- 
mach, and does not ruminate. This want, however, is fup- 
plied by the magnitude and length of his intcftines,and par- 
ticularly of the colon, which is two or three feet in dia- 
meter by fifteen or twenty in length. In proportion to 
the fize of the elephant, his eyes art very fmall ; but they 
are lively, brilliant, and capable of a pathetic expreffion 
of fentiment. He turns them (lowly, and with mildnefs, 
toward his mafler. When he fpcaks, the animal regards 
him with an eye of friendfhip and attention. He feems 
to refleft with deliberation, and never determines until he 
has examined, without paffion or precipitation, the orders 
which he is defired to obey. The dog, whofc eyes arc 
very expreffive, is too prompt and vivacious to allow us 
to diftinguifh with eafe the fucceff.ve (hades of his fenfa- 
tions. But, as the elephant is naturally gr.:ve and mode- 
rate. 
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rate, we perceive in his eyes the order and fuccefllon of 
his thoughts. His ears are very large, and much longer, 
even in proportion to . his body, than thofe of the afs. 
They lie flat on the head, and are commonly pendulous ; 
but he can raife and move them with fuch facility, that 
he ufes them as a fan to cool himfelf, and to defend his 
eyes from duft and infedls. His ear is likewife remarka- 
bly fine ; for he delights in the found of raufical inftru- 
ments, and moves in cadence to the trumpet, and tabour. 

But, in the ftructure of the elephant, the moft Angular 
organ is his trunk, or probofcis. It is compofed of mem- 
branes, nerves, and mufcles ; and it is at once an inftru- 
ment of feeling and of motion. The animal can not only 
move and bend the trunk, but he can contrad, lengthen, 
and turn it on all fides. The extremity of the trunk ter- 
minates in a protuberance that ftretches out on the upper 
fide in the form of a finger; by means of w^hich he lifts from 
the ground the fmalleft pieces of money ; he felects herbe, 
and flov^rers, and picks them up one by one; he unties the 
knots of ropes, opens and fbuts gates by turning the keys, 
or pufhing back the bolts. In the middle of this protu- 
berance or finger, there is a cavity in the form of a cup, 
and, in the bottom of th'e cup are the apertures of the 
two organs of fmelling and refpiration. This hand of 
the elephant pofTeffes feveral advantages over that of the 
human. It is more flexible, and equally dexterous in lay- 
ing hold of objedts. Befides, he has his nofe in his hand, 
and is enabled to combine the power of his lungs with the 
action of his finger, and to attract fluids by a ftrong fuc- 
tion, or to raife heavy bodies by applying to them the 
edge of his trunk, and making a vacuum within by a vi- 
gorous infpiration. Hence, delicacy of feeling, acute- 
nefs of fmelling, facility of movement, and the power of 
fucHcn, are united at the extremity of the elephant's trunk. 
Of all the inftruments which Nature has befiowed on her 
moft favourite produ£tions, the trunk of the elephant feems 
to be the moft complete, as well as the moft admirable. It 
is not only an organic inftrument, but a triple fenfe, whofe 
united functions exhibit the efifefls of that wonderful fa- 
gacity which exalt'? the elephant above all other quadru- 
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peds. He is not fo fubjcd, as fomc other animals, to 
errors of vifion ; becaufe he quickly ret::lifies them by 
the fenfe of touch ; and, by ufmg his trunk as a long 
arm, for the purpofe of touching remote objefts, he ac- 
quires, like man, clear ideas of diftances. But, other 
animals, except fuch as have a kind of arms and hands, 
Ci^n only acquire ideas of diftances by traverfing fpacc 
vf'nh th^ir bodies. Delicacy of feeling, the flexibility of 
the trunk, the power of fu<ftion, the fenfe of fniel ing, 
and the length of the arm, convey ideas of the fubllance 
of bodies, of their external form, of their weight, of 
their falutary or noxious qualities, and of their diftances. 
Thus, by the fame organs, and by a fimultaneous act, 
the elephant feels, perceives, and judges of, feveral things 
at one time. It is by virtue of this combination of fen- 
fcs and faculties in the trunk that the elephant is enabled 
to perform fo many wonderful adions, notvvithdanding 
the enormity of his mafs, and the di (proportions of kis 
form. The thicknefs and rigidity of his body ; the fhort- 
nefs and ftitfnefs of his neck ; the fmallncfs of his head ; 
the largenefs of his cars, nofe, and tufks ; the minute- 
ncfs of his eyes, mouth, genitals, and tail ; his Rraight, 
clumfey, and almolt iniicxible limbs ; the fhortnefs and 
fmallnefs of his feet ; the thicknefs and callofity of his 
fkin ; all thefe deformities are the more obvious and difa- 
greeable, becaufe they are modelled on a large fcale, and 
moft of them are peculiar to the elephant. 

From this fmgular conformation, the animal is fubjeded 
to many inconveniences. He moves his head with diffi- 
culty, and cannot turn back without making a large 
circuit. For this reafon, the hunters attack him behind, or 
on the flanks, and avoid the effects of his rage by circu- 
lar movements. He cannot feize any object on the ground 
with his mouth, becaufe his neck is too llilf to allow his 
her.d to reach the earth. He is, therefore, o-bliged to lay 
hold of his food, ^nd even of his drink, with his nofe 
and then convey them to his mouth. It is likewife a can- 
fequence of this ftructure, that the young elephants are 
faid to fuck with their nofe, and afterwards pour the milk 
into the'r gullet. 

OF 
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OF THE STRUCTURE OF BIRDS. 

FROM the figure and movements of the feathered 
tribes, we (hould be led to imagine that the ftruflure of 
their organs was extremely different from that of qua- 
drupeds. Their oeconomy and manner of living required 
fome variations in their frame. But thofe variations are 
by no means fo many or fo great as might be expefted. 
Inftead of hairs, their bodies are covered with feathers, 
which, befide the beautiful variety of their colours, pro- 
tect this clafs of animals from the aifaults of rain and cold. 
They have only a couple of legs ; but Nature has furnifh- 
ed them with two additional infliruments of motion, by 
which they are enabled to rife from the furface of the 
earth, and to fly with amazing rapidity through the air- 
The wings are articulated with the breaft-bone, and 
their motions are performed by mufcies of remarkable 
ftrength. Many birds are continually paffmg through 
hedges and thickets. To defend their eyes, therefore, 
from external injuries, as well as from too much light 
when flying in oppofition to the rays of the fun, they 
are furnifhed with a membrane called memhrana ni6iitansy 
which, like a curtain, can at pleafure be drawn over the 
whole eye. This covering is neither opaque nor pellucid ; 
but, being fomewhat tranfparent, it allows as many rays 
to enter as render any object juft vifible, and enable them 
to dired their progrefs through the air. It is by the in- 
ftrumentality of this membrane that the eagle looks at 
the fun. The feathers of all birds are inferted into the 
fkin in fuch a manner that they naturally lie backward 
from the head ; and allow the rain to run off their bodies, 
and, by turning their heads in oppofition to the wind, 
prevent the wind from rumpling their feathers, and re- 
tarding their flight. Befide this provifion, the rump of 
birds terminates in a large gland, which fecretes an oily 
fubftance. When the feathers are too dry, or any way 
difordered, the animals fqueeze this gland with their bills, 

extrn^i 
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extract the oil, and with it they befmcar and drcfs the 
feathers. By this means the admiflion of water is totally 
prevented. Birds have no feparate ribs ; but the brcafl- 
bone, which is very large, joins the back-bone, and fup- 
plies their place. 

With regard to the external figure of birds, the form 
of their bodies is nicely adapted to their manners, and the 
mode of life they are deltined to purfue. By ftriking 
the air with their wings, they move forward in ihat cle- 
ment, and their tail fervcs them as a rudder to diredl their 
courle. Their breaft-bone, indead of being flat, rifes 
gradually from the fpine and terminates in a lharp ridge, 
or keel, which enables them to cut the air with greater 
facility. For the fame purpofe, the heads of birds arc 
proportionally fmaller than thofe of quadrupeds, and mofl 
of them terminate in light (harp-pointed beaks. They 
are likewife deprived of external ears *, and of protube- 
rant noftrils. Their tails, inflead of vertebrse, mufcles, 
and fkin, confifl entirely of feathers. They have no pen- 
dulous fcrotum, no bladder, no flefhy uterus. Neither 
have they an epiglottis, though many of them poffefs 
great powers of modulation, and fome of them may even 
be taught to articulate words. To lighten their beaks, 
they are deprived of lips and teeth ; and their abdomen 
or belly is proportionally fmall and narrow. 

From this general view of the external figure and ftruc- 
ture of birds, it is apparent, that Nature has defigned 
them for two diftinft kinds of motion. They can, at 
pleafure, either walk on the furface of the earth, or mount 
aloft, and penetrate the airy regions with prodigious fwift- 
nefs. 

Some j>eculiarities in the internal ftructure of birds 
deferve our notice. 

Like quadrupeds, the feathered tribes are divided into 
granivorous and carnivorous ; and their manners and dif- 
pofitions correfpond with their internal and external con- 
formation. 

In 

* Although birds arc dcniiute of exiemal car^, properly fo called, vet in the 
greater numbci of ihii cxtcnfivc clafj of animals the meatus laidilonus, or external 
•riBcc Icaaing to the ears, is farroundcd by feathers which arc clct^antly difpo- 
fed, like divci^inK radii, and ap'j'^'.r tc be peculiarly adapted for receiving found. 
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In the granivorous clafs, the cefophagus, or gullet, runs 
down the neck, and terminates in a pretty large mem- 
branous fac, called the ingluvies, or craw, where the food 
is macerated, and partly diffolved by a liquor fecreted 
from glands fpread over the furface of this fac. Some 
birds, as the rooks and the pigeon kind, have the power 
of bringing up the food from this fac into their m.ouths, 
and feeding their young with it in a half-digefted form. 
After macerating for fome time, the food paifes through 
the remainder of the gullet into another fpecies of fto- 
mach denominated ventriculus fuccenturiatus^ which is a 
continuation of the gullet. Here the food receives a far- 
ther dilution. From this fecond ftomach, the food is 
tranfmitted to the gizzard, or true ftomach, which confifts 
of two very ftrong mufcles, covered externally with a 
tendinous fubftance, and lined with a thick, firm mem- 
brane. The remarkable ftrength of the gizzard was 
formerly fuppofed to aflift the digeftion .of granivorous 
birds bv attrition. But, this notion has of late been en- 
tirely exploded ; for Do£lor Stevens, and, after him, Spal- 
lanzani, have demonftrated, by unequivocal experiments, 
that digeftion is performed folely by the dilTolving powers 
of the gaftric juices *. The other inteftines are propor- 
tionally larger, and much longer, than thofe of the car- 
nivorous birds. 

The ftrudure of the heart, in granivorous birds, is 
nearly the fame with that of quadrupeds. 

The lungs hang not loofe in the cavity of the thorax, 
but are fixed to the back-bone : Neither are they divided 
into lobes, as in man and other animals whofe fpines 
admit of confiderable motion. They are red, fpongy bo- 
dies, covered with a membrane that is pervious, and com- 
municates with the large veficles, or air-bags, which are 
fpread over the whole abdomen. Thefe veficles, when 
diftended with air, render the bodies of birds fpecifically 
light. They likewife fupply the place of a diaphragm, 
and ftrong abdominal mufcles. They produce the fame 
eiTefls on the vifcera as thefe mufcles would have done, 

K without 
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and Spallanzani. 5. 
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without the inconvenienc}' of giving an additional freight 
to the body. 

Birds have no bladder of urine : But a blucifh-colour- 
cd canal, or ureter, is fent olf from each kidney, and 
terminates in the reclum. Their urine is discharged along 
with the ficccs. It is a whitifli fubllance, and turns chalky 
when expofed to the air. 

The telticles of the male are fituated on each fide of 
the back-bone, and are very large in proportion to the 
fize of the animal. From the tefticles proceed two fe- 
minal duds, which at firfl are ftraight, but afterwards 
acquire a convoluted form, as in the epidydymus of man. 
Thefe duels terminate in the penis, of which the cock 
has two, one on each fide of the common cloaca. They 
are very fmall and Ihort ; and, from this circumflance, 
they long efcaped the notice of anatomifts. 

In the female, the duller of yolks, being analogous to 
the human ovaria, are attached to the back-bone by a 
membrane. This membrane is very thin, and continues 
down to the uterus. The yolk, after feparating from its 
ftalk, paflcs into a canal called the infundibuluni^ where 
it receives a gelatinous liquor, which, with what it farther 
acquires in the uterus, compofes the while of the egg. 
The uterus is a large bag, (ituated at the end of the in- 
fundibulum, and is full of wrinkles on the infide. Here 
the egg receives its lafl: covering, or fhell, and is pufhed 
out of the vagina at an aperture placed immediately above 
the anus. 

From this defcription of the flrufturc of granivorous 
birds, the analogy between them and the herbivorous 
quadrupeds is confpicuous. In both, the number of their 
ftomachs, the length and capacity of their inteftines, and 
the quality of their food, are very fimilar. But, this 
analogy is not confined to ftrudure and organs : It extends 
to manners and difpofitions. Like the herbivorous qua- 
drupeds, this order of birds are diftin-ruilhed by the gen- 
tienefs and complacency of their tempers. Contented 
with the feeds of plants, or fmall infeds, the ftroneer 
never wage war with the weaker. Their chief attention 
IS occupied in procuring food, in hatching and rearing 

their 



OF NATURAL HISTORY. 75 

their young ; and their vigilance is kept perpetually ac- 
tive in eluding the fnares of men, and other rapacious ani- 
mals. The whole are a timid race, and many of them 
are fo tradable that they may eafily be rendered domeftic. 
Man, accordingly, ever attentive to his intereft, has not 
failed to derive advantage from the innocence and ftupi- 
dity of thefe animals. Of the gallinaceous and duck 
kind, which are the moft prolific, and confequently the 
moft profitable, he has chiefly feleded the hen, the goofe, 
the duck, the turkey, and the peacock. In this feleftion 
he has difcovered his fagacity ; for, inftead of pairing, 
thefe birds are polygamous, one male being fufficient to 
fertilize a number of females, which is a great faving in 
the article of food. 

With regard to carnivorous birds, their general con- 
formation is nearly the fame with that of the granivo- 
rous kind. They have the fame number of ftomachs ; 
but all of them are fnialler, and weaker. Their inteftines 
are alfo much (horter. To enable them to procure food, 
they are obliged to fly quickly, and continue long on the 
wing. Their wings, accordingly, are proportionally long- 
er, and they have more flirength in their mufcles. For 
the purpofe of feizing and devouring prey, Nature has 
bellowed on them ftrong hooked bills, and long fharp 
claws, or pounces. They have alfo large heads, jfliort 
necks, fl:rong brawny thighs, and fliarp-fighted eyes. 

Like rapacious quadrupeds^ birds of prey are capable 
of enduring hunger for a great length of time. This 
faculty is, perhaps, acquired partly by habit ; becaufe the 
obtaining of their food is often very precarious. The 
females are larger, ftronger, and more beautiful both in 
fhape and plumage, than the males. For this reafon, the 
male hawks are called tercels, or thirds, becaufe they are 
fuppofed to be one third lefs than the females. Nature 
feems to have beftowed this fuperiority of fize and ftrength 
upon the female, becaufe flbe is obliged to procure food 
both for herfelf and for her progeny. 

The analogy between the ftrudure of rapacious birds 
and carnivorous quadrupeds is obvious. Both of them 
are provided with weapons which indicate deftrudion and 

rapine. 
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rapine. Their maniiors are alfo fierce and unfocial. Tiiey 
never, if the vulture be excepted, herd to«;ttiicr in flocks, 
like the inotfenfive granivorous tribes. When not on the 
wing, thev conceal themfelves on the top of fequeftered 
rocks, or in the depths of the lorells, where they fpend 
their time in fuUcn folitude. Thofs of them which Iced 
upon carrion, as the raven, have the fenfe of fmclling fo 
acute, that ihcy fcent dead carcafesat amazinp^ dillances. 

Beiide thefc ^reat diviiions of birds into grauivorous 
and rapacious, whofe manners and difpofitions perfed:ly 
coincide with the ftruclure of their bodies, there are other 
tribes to whom Nature has given pecaliar organs. In all 
thcfe deviations from the common ftrudurc, a fmgularity 
in the mode of living, and the ceconomy of the animal, 
is the invariable relult. 

Like the amphibious animals, a number of fowls live 
chiefly in the water, and feed upon fifhes and aquatic in- 
{et\s. To enable them to fwim and to dive in quefl ot 
food, their toes are connected together by broad mem- 
branes, or webs. By llretching their toes, and flriking 
the water backward with thele webs, their bodies are 
moved forward, and they employ their tail as a rudder to 
direct their courfe. Without thefe additional inllruments, 
fowls could not fv/im ; and, accordingly, fuch birds as 
are not provided with webs never take to the water. But, 
thofc furniflied with webs have fuch a llrong propenfity 
to water, that, v/hen reitrnined from their favourite.ele- 
ment, they difcover the greatefl uneafmefs, and, when 
their liberty is reflored, they fly in a direct courfe either 
to the fea, a river, or a laice. 

There is another tribe of aquatic birds, fome of which 
feed upon fifhes and infecls, and ethers live principally 
by fucking certain juices from mud. Both thcfe kinds 
frequent m.arfliy places, or th« margins of lakes and rivers. 
They do not l ;/im, but wade, in quefl of food. This 
fmgularity in their manners required a correfpondent va- 
riation in their form and ftructure. To enable them to 
wade in waters and in mires, Nature has provided them 
with long legs, naked of feathers for a conliderable fpace 
above the kneco. Their toes are not, like thofe of the 

fwimmers, 
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fwimmers, connefted by continued membranous webs- 
Moll of them have likewife very long necks and bills, to 
enable them to fearch for and apprehend their food. To 
tliefe tribes belong the crane, the herons, the bittern, or 
miredrum, the ftork, the fpoon-bill, the woodcock, the 
fnipe, and many other fpecies. 

>■ Having given a general idea of the ftrudure and ceco- 
nomy of birds, we fliall next make a few remarks on the 
form and manners of fifhes. 

OF THE STRUCTURE AND ORGANS OF FISHES. 

IT is one great and benevolent intention of Nature, 
that no part of the univerfe fhould be deprived of inhabi- 
tants. The earth, the air, the waters, are full of living 
beings, who are not only confcious of their exiftence, but 
enjoy degrees of happinefs proportioned to their natures, 
and the purpofes they are deflined to anfwer in the gene- 
ral fcale of animation. The different elements in which 
they live neceiTarily required a variety in their form, their 
food, and their manners. The inhabitants of the earth 
and air have already been partially defcribed : thofe of the 
waters are next to be confidered. 

The bodies of moft fifhes are covered with a flrong, 
thick fliin, in which numberlefs fcales are inferted in an 
imbricated form, or like tiles on the roofs of houfes. 
Many of them, and particularly thofe which are fhaped 
like the cod, the trout, and the haddock, have a longitu- 
dinal line on each fide. In thefe lines there are a number 
of fmall dufts, or apertures, which throw out a mucous 
fubllance that lubricates their fkins, and feems to anfwer 
the fame purpofes as the mucous glands or duels placed in 
moft of our internal organs. 

Fiflies are deftitute of hands and feet. Their progref- 
five motion, therefore, is performed in a manner different 
from that of quadrupeds and birds. Their inftruments 
of motion are fins, or machines confiiling of a number 
of elallic beams, conneded to one another by firm mem- 
branes 
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brane?;. Their tails are of the fame texture. Their fpinc 
is remarkably flexible toward the pollerior part of the 
body, and here the ftrongell mufcles are likewife inferted. 
They have a power of contracting and dilating their tails at 
pleafure ; by which means, and by the aflillance ot the 
fms, they move forward in the fame manner as a boat with 
oars on its fides, and a rudder at its ftern. Fifhes have no 
neck : As they feek their food in a horizontal pofition, 
and can move their bodies either upward or downward, a 
long neck would neceflarily have impeded their motion 
through the water. 

The form of fifhes is extremely various ; and, if their 
hiftory were fufficiently known, the connexion between 
their ftruc^ure and their manners would be equally appa- 
rent as in the other tribes with which we are better ac- 
quainted. Some fiflies are long and cylindrical, as the 
fea-ferpent, and all the eel-fhaped fpccies. The eel-kind, 
from their figure, are enabled to tr^il their bodies along 
the bottom, and to conceal themfelves below the fand, or 
nmd. Others are lefs cylindrical, and proportionally 
fliorter, as the mackrel, the cod, the herring, the falmon, 
kc. Thefe, from the number and pofition of their fins, 
as well as from the fliape of their bodies, are deftined for 
quicker motion, and for travelling to great diflances in 
qucft of food, or for fpawning in flioals or in rivers. Others, 
as the flounder, the flvate, the turbet, torpedo, &c. are 
broad and comprefled. Thefe, like the eel-kind, frequent 
muddy bottoms. Others are triangular, quadrangular, 
round, &c. Befide thofe which approach to regular fi- 
gures, the variations and compofitions are fo numerous, 
that the forms of filhes are much more diverfified than 
thofe of quadrupeds, or birds. To defend themfelves a- 
gainft their enemies, many fiflies are armed with ftrong, 
fharp fpines, or prickles. Fo^the fame purpofe, and like- 
wife for wounding, or killing their prey, fome have la large 
horn on their front, and others a fword, or rather a faw, 
which are tremendous weapons. The more timid and 
defencelefs tribes are endowed with the faculty of rapid 
motion ; and fome of them have fins fo large and flexible, 
'hat, when hard purfued, they are enabled to leave their 

natural 
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natural element, to dart through the air to confiderable 
diftances, and difappoint the defigns of their enemies. 

Fiflies are as much diverfified in fize as in figure. The 
ocean produces the largeft animals which now inhabit this 
globe. The enormous maffes of the whale and walrus 
tribes far exceed thofe of the elephant, rhinoceros, or ri- 
ver-horfe, the largefl terreftrial animals of which we have 
any proper knowledge. From the immenfe bones, how- 
ever, found in Siberia, and many parts of Europe, we 
are induced to believe, that land animals have formerly 
exifted whofe fize muft have been much larger than that 
of the prefent elephant. This animal, whofe fpecies is 
now fuppofed to be extinguiflied, is known among natur- 
alifts by the denomination of the mammouth. Near the 
river Ohio, fome prodigious bones and teeth have lately 
been difcovered, which indicate an animal of incredible 
magnitude*. 

With regard to internal ftrufture, fifhes, like land-ani- 
mals, are furniftied with a back-bone and ribs, which run 
from tht head to the tail. To thefe, the bones of the 
head, and the fins, all the mufcles and inftruments of mo- 
tion, are attached. 

The mouths of moft fifhes are furnifhed with teeth ; 
but in fome, as the mullet, fturgeon, &c. the teeth are 
wanting. In fome, the teeth are fituated on the jaw-bones, 
in others, on the tongue and palate. The teeth of fifties 
are principally defigned for laying hold of and detaining 
their prey, which they generally fwallow entire. For 
this purpofe, the teeth are commonly ferrated, or bent 
inward, like tenter-hooks. By this ftrufture, fmall fifhes 
are eafily forced downwards, and their return is at the 
fame time prevented. 

In fifhes, the organ of fmelling is large ; and they have 
a power of contrafting an# dilating, at pleafure, the 
entry into their nofe. 

It was formerly doubted whether fifhes were endowed 
with the fenfe of hearing. But, that doubt is now fully 
removed \ becaufe it has been found, that, like other 

animals, 



* A Memoir on the fubjeft of thefe large American bones will foon be laid be- 
fore the Philofophical Society of this citv. 
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animals, they have a complete organ of hearing, and that 
water is a proper medium for the conveyance of found:; 
Befides, in the Ikate, and fomc other goncra, the learned 
and ingenious Dr. Monro, Profciior of Anatomy in the 
College of Edinburgh, has lately difcovered an aperture 
which leads directly to the internal parts of the car. 

The gullet of filhes is fo fhort that it is hardly to be 
diftinguilhed from the ftomach, which is of an oblong 
figure. The guts are very Ihort, making only three con- 
volutions, the laft of which terminates in the common 
vent for the fieces, urine, and femen. From this (h uc- 
ture of the ftomach and inteftines, analogy would lead 
us to conclude, that fifhes live chitlly upon animal food. 
Experience, accordingly, teaches us, that almoft all fifhes 
prey upon the fmaller kinds, and even devour their own 
young. The liver is proportionally large, of a whiiifh 
colour, and fituated (m the left fide. The gall-bladder 
lies at a confiderable diftance from the liver, and difchar- 
ges the gall into the gut. In fillies, the organs of gene- 
ration are two bags fituated in the abdomen, and uniting 
near the anus. In the male, thefe bags are filled "uith a 
thick whitifti fubllance called the ;;////, and in the female 
with an infinite number of minute eggs called the roc. 
At the feafon of fpawning, the bags of both male and fe- 
male are greatly diilended ; but, at other times, the male 
organs can fcarcely be diftingulhed from thofc of ih0 
female. 

The fwimming bladder is an oblong, white, membran- 
ous bag, which contains nothing but a quantity of claRiC 
air. It lies clofe to the back-bone, and has a pretty ftrong 
mufcular coat. Bv contracting this coat, and, of courfe, 
condenfing the air it contains, fome fifhes are enabled to 
render their bodies fpecifically heavier than water, and to 
fink to the bottom ; and, wlrcn the mufcular fibres ceafe 
to act, the air dilates, and makes their bodies fpecifically 
lighter. By this curious piece of mechanifm, the aninn\l.» 
have the power of finking to the bottom, or of rifing to 
the furface. According to the different degrees of con- 
traction and dilalatio'^^ . r thi bk' ' ^ - . fii1y , r plea- 
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fure, keep themfelves higher or lower in the water. Hence 
flounders, foles, fkate, and other fifties which have no 
fwimming bladder, always grovel at or near the bottom.' 
It is likewife a confequence of the relaxation of this blad- 
der, that dead fifties which are furniftied with it uniformly 
rife to the furface. The air-bag, in fome fifties, commu- 
nicates, by a dua, with the gullet, and, in others, with 
the ftomach. At the upper end of the air-bag, there are 
red-coloured glandular bodies connedled with the kidneys. 
From the kidneys the ureters proceed, downward to their 
infertion in the urinary bladder, which lies in the lower 
part of the abdomen, and the urethra terminates in the 

anus. . 

Fifties have a membranous diaphragm, or midriff, that 
forms a fack in which the heart is contained. The heart 
is of a triangular figure. It has only one auricle, one 
ventricle, and one great artery. This artery, inftead of 
fupplying all the parts of the body, as in the frog, is 
dift;ributed entirely on the gills. All the branches termi- 
nate there, and became at lafl: fo fmall that they efcape 
the naked eye. The branchiae, or gills, lie in two large 
flits on each fide of the head, and are analogous to the 
lungs of land-animals. The figure of the gills is femi- 
circular, and on each fide of them are immenfe numbers 
of fibrils, refembling fringes. The gills are perpetually 
fubjecled to an alternate motion from the preffure of the 
water, and the aftion of the mufcles. They are covered 
with a large flap, which allows an exit to the water necef- 
farily taken in by the animals every time their mouths are 
opened. The blood is again colleded by a vafl: number 
of fmall veins, which, inftead of going back a fecond time 
to the heart, immediately unite, and form an aorta defcen- 
dens, which fends off branches to fupply all the parts of 
the body, except the gills. From the extremities of thefe 
branches the blood is colleded by veins, and returned to 
the heart nearly in the fame manner as in other animals. 

The organs by which the nutritious part of the food 
of fifties is extradled and conveyed to the general mafs of 
blood, and known by the names of ladeal, abforbent, 
and lymphatic, veflels, are fo analogous to thofe of men 

L and 
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and quadrupeds, that it is unnecefiary to defcribc them *. 

For the fame reafon, no defcription lhall be given of the 
nerves, which, as in other animals proceed Ironi the 
brain and fpinal marrow, and are dillributed over every 
part of the body. 

Having fmifhed this fketch of the ftru(Slure and organs 
of filhes, it is almoft needlefs to remark, that, though 
they live in a dititrcnt clement, and vary greatly from 
land-animals in figure, Nature, in the formation of their 
bodies, in the mode of their nutrition, refpiration, and 
fenfation, has adled upon the fame great and general: 
plan. 

We are, now, to take a view of the ftrufture of in- 
fe&s, a numerous clafs of animals, mod of whom recede 
farther from the common mode of organization than any 
of the other clalTes. 

OF THE STRUCTURE OF INSECTS. 

IN the firft chapter, a few obfervations were made 
concerning the ftrudure and organs of infe£ls, in order 
to Ihovv more clearly the analogies between animals and 
vegetables. Thefe it is unnecefl'ary to repeat. We fhall, 
therefore, proceed to a more particular examination of 
the ftructure of infects, and to trace the conneclion be- 
tween that and their manners. 

Infects exhibit fuch an immenfe variety in figure, co- 
lour, and difpofitiou of parts, that Naturalifts have found 
it neceflary to arrange them into dilferent tribes, or fa- 
milies. Thefe tribes are diftinguiflied from one another 
by certain peculiarities in the Itruclure of their bodies. 

The molt general divifion of infetts is derived from 

the 

* It may not, however, be improper to obfervc, that the conglobate, or lym- 
phatic glands, which feem to conflitute an eflTential part of the abforbent fyflem 
in man, in quadrupeds, and in birds, have not, hitherto, been difcovcred in any 
genus of fifhes. But, in fifhes, and in the amphibious animals, which arc like- 
wife deftitutc of thefe glands, the lymphatics form a great number of plexus ; and 
the progrefs of the lymph being thus retarded, M. Mafcagni fuppofes that all the 
ufc« of thefe glands arc anfwcicd by this peculiar arrangement of the vcfTeU thcm- 
fclvcs. Birds have but few conglobate glandk: but, to make amends for tbii cir- 
ciimdancc, Nalure has formed the lymphatics of this cljfs of animals iiilo frequent 
plexus, fomcwha: refcmbling net-work. 
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the circumftaiice of their having or wanting wings, and 
from the number and fubftances of which thefe inftru- 
nijnts of motion are compofed. They are diftinguiftied 
from all other animals by many peculiarities of form. 
None of the other claffes have more legs than four. But, 
moft infects have fix ; and many of them have eight, ten, 
fourteen, fixteen, eighteen, and even a hundred, legs. 
Befide the number of legs, infects are furnifi-ied with an- 
tennse, or feelers. Thefe feelers, by which infects grope 
and examine the fubftances they meet with, are compofed 
of a great number of articulations, or joints. Linnaeus, 
and other naturalifts, maintain, that the ufes of thefe feel- 
ers are totally unknown. But, the flighteft attention to 
the manner in which fome infefts employ their feelers, 
will fatisfy us of at leaft one ufe they derive from thefe 
organs. When a winglefs infeft is placed at the efid of 
a twig, or in any fituation where it meets with a vacuity, 
it moves the feelers backward and forward, elevates, cje- 
prelTes, and bends them from fide to fide, and will not 
advance farther, left it ftiould fall. Place a ftick, or any 
other fubftance, within reach of the feelers ; the animal 
immediately applies them to this new object, examines 
whether it is fufficient to fupport the weight of its body, 
and inftantly proceeds in its journey. Though moft in- 
fects are provided with eyes, yet the lenfes of which they 
confift ate fo fmall and convex, that they can fee diftinflly 
but at fmall diftances, and, of courfe, muft be very in- 
competent judges of the vicinity or remotenefs of objects. 
To remedy this defeat, infects are provided with feelers, 
which are perpetually in motion while the animals walk. 
By the fame inftruments, they are enabled to walk with 
fafety in the dark. 

No other animals but the infeft tribes have more than 
two eyes. Some of them have four, as the phalangium ; 
others, as the fpider and fcorpion, have eight eyes. In a 
few infects, the eyes are fmooth ; in all the others, they 
are hemifpherical, and confift of many thoufand diftindt 
fenfes. The eyes are abfolutely immoveafble : But, this 
defe£t is fupplied by the vaft number of lenfes, which, 
from the diverfity of their pofitions, are capable of view- 
ing 
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ing objects in every clirc<5Hon. By the fmallncfs and con- 
vexity of thefe lenles, which produce tlic laiiu- tiled as the 
ol)jed glafs of a microfcope, infeds are enabled to fee 
bodies that arc too minute to be perceived by the human 

Another peculiarity deferves our notice. No animal, 
except a numerous tribe of four-winged infetls, has more 
than two wings. 

With regard to fcx, quadrupeds, birds, and fifhes, are 
didinguilhed into males and females. But, the bee and 
the ant furnifli examples of neuters, which arc abfolutcly 
barren : And the earth-worm, and fcveral flioU-inrecls, are 
hermaphrodite, each individual pofl'eiling the prolific pow- 
ers of both male and female. 

It is likewife remarkable, that all winged infers under- 
go three metamorphofes, or changes of form : The egg is 
difcharged from the body of the female in the fame man- 
ner as in other oviparous animals. By a wonderful in- 
fUnd, thefe feemingly-fUipid creatures uniformly dcpofit 
their eggs on fuch animal or vegetable fubftances as fur- 
nifli proper food for the worm or caterpillar, that is to be 
hatched bv the heat nf the fun. The worm, or caterpillar, 
is the firft (tatc. The bodies of caterpillars are foft and 
moifl'. They have no wings, and are totally deprived of 
the faculty of generation. After continuing for fome 
time in this reptile (late, they are transformed into a chry- 
falis, which is drier and harder than the caterpillar. The 
rhr^-falcs of fome infects are naked, and thofe of others are 
covered with a filken web, fpun by the animals before their 
change is completed. In this ftate, many of them lie mo- 
tionlefs, and feemingly inanimate, during the whole winter. 
Whpn the fpring or lummer heats return, they burfl; from 
their lafl: prifon, and, from vile reptiles, are transformed 
into beautiful flies. In this perfed (late they are exceed- 
ingly acHve, fly about in queft: of their mates, and, after 
propagating their fpecics, the females depofit their eggs, 
and the fame circle of animation and change perpetually 
goes round. Hence, the ftrudure and figure of the fame 
individual animals are threefold, which renders the know- 
ledge of infects extremely complicated, as we mult be ac- 
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quainted with them in the feveral forms they fuceeiRvely 
aflume. 

There is another peculiarity in the ftrudure of infeds. 
They arc deprived of bones. But, that defeft is fupplied, 
in fome, by a membranous or mufcular (kin, and, in 
others, by a cruftaceous or horny covering. In this cir- 
cumftance, infects refemble the fliell-animals, whofe bones 
conftitute the external parts of their bodies. 

In general, the bodies of infeds are compofed of a head, 
trunk, and abdomen. The head is commonly attached 
to the trunk by a joint, or articulation, Befide eyes, feel- 
ers, and mouth, the heads of fome infeds are furnifhed 
with palpi fixed to the mouth ; and they are either four 
or fix in number. Each of them confifls of two, three, 
or four, joints, and are often miftaken for the antennae, or 
feelers. Thefe inftruments feem to ferve the animals in- 
ftead of hands ; for they employ the palpi to bring the 
food to their mouths, and to keep it fteady while eating. 
It is aiferted by Linnaeus, and other naturalifts, that the 
heads of infeds are deftitute of brains, noftrils, and ears. 
The minutenefs of the animals under confideration may 
have hitherto prevented us from diflinguifliing thefe or- 
gans. If they want a brain, it is certain that their fenfe 
of feeing is acute ; and we know that they are amply fup- 
plied with nerves, which produce the fame effeds as the 
brain in larger animals. If they are deprived of noftrils, 
the flighteft attention muft convince us, that fome of them 
polTefs the fenfe of fmelling in a very high degree. Upon 
any other fuppofition, how fhould the different fpecies of 
flies, the moment they efcape from the chryfalis ftate, 
diftinguifh, and diredly approach, the different animal and 
vegetable fubftances Nature has deftined for their refped- 
ive nourilhment ? A piece of meat is no fooner expofed 
to the air than it is covered with flefh-flies, upon which 
they both feed and depofit their eggs. Without this fenfe, 
"how fhould wafps, and other flies, be allured from confi- 
derable diflances into bottles encrufted with honey, or 
molaffes ? Thefe, and fimilar adions, cannot be effeds of 
fight ; for the diffance, the minutenefs, and frequently the 

pofition 
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pofitlon of the food, render it impofliblc for the eve to 
difcovcr thofc fubllaiiccs to which thcv iiillanlly reforl. 

With ret;ard to heating, it is more dirticiilt to detennine 
whether inlec^s be endowed with this I'enfe. Wc can judg( 
of it, not by the knife of tlic Anatomill, but by the al- 
feftions and motions of the animals themfelves. Several 
trials I have made on houfc-flies incline me to think that 
thefc animals polTcfs a fenfe of a nature limilar, at leaft, to 
that of hearing. At the diftance of three or four feet, a 
fmart ftroke, even upon a llonc wall, alarms and ))uts them 
to Hight. But, this may partly be attributed to the vi- 
bration in the wall, or the concuflion of the air, produced 
by the ftroke. To obviate this difllculty, at the fame di(l- 
ance of between three and four feet, I (truck the air re- 
peatedly with a bookbinder's folder, without giving the 
fmalled alaiTU to the Hies. But, when I Aruck the folder 
againlt the boards of a book, which I held in my hand, 
ahd made a fmart noife, the animals were inftantly alarm- 
ed, and flew off at the fecond (troke. The fame effcd is 
produced in a room jufl: light enough to render the ani- 
mals vifible. Thefe trials, which I have often repeated, 
feem to indicate that flies, if they are really deprived of 
cars, are endowed with an analogous fclife, though v^c 
are ignorant of its fituation*. 

Naturalifts have limited the fenfes of infefts to thofe 
of feeing and feeling. But, the above remarks render it 
more than probable that flies poflcfs likewifc the fenfes of 
fmclHng and of hearing : Neither Ihould the fcnfe of tafte 
be dep.ied them ; for, though they may be ailifttd by 
fmelling to difcover and fele^ their food, we cannot fup- 
p6fe that Nature has denied them the pleafure which other 
animals fo univerfally derive from eating. Befides, an 
agreeable fenfation, fimilar to that of tafte, muft accom- 
pany 

*Thc very learned and laborious PiofelTor Fabricius of Copenbafcn, who hai, 
perhaps, added more to the mafi of our knowl. dgc concerning \mcH» than any 
pcrfon now livini;, has been fo fortunate ak to difcovcr the organs of kcannir m 
the lohfier^ and in the crab. In thefc animals, the external oiificc cf the orcaris 
is placed between the long and the ftiort antenny ; whiift the cochlea, Sec. arc fitu- 
uatcd in the upper part of the thorax fas "t is railed by Linncuij, near the bafe of 
the fcrraicd projedion at its apt x, oi point. For a particular account of this cu- 
rious difcovcry in the hiQory of infca*, the reader is itfcrrcdlo the fecond volume 
of the h'cxf Copenhagen Trarfaclicns, p. 375. 
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pany an aftion which removes the pain arifing from hun- 
ger- 

The mouth of infefts is generally placed in the unde? 
part of the head ; but, in feme, it is fituated in the breaft. 
The jaws, inftead of being horizontal, are often tranf- 
verfe, and furnifbed with teeth. The greater number of 
winged infects are provided with a probofcis, or trunk, an 
inftruraent by which they extra61: the juices from animal 
or vegetable fubftances. The probofcis of infefts is a 
machine of a very complicated natuye. In butterflies, the 
probofcis is fituated precifely between the two eyes. The' 
fome of them exceed three inches in length, they occupy 
but a fmall fpace. When a butterfly is not in queft of 
food, the probofcis is rolled up in a fpiral form, fimilar 
to that of a watch-fpring, each fuccelTive ring covering 
the one which precedes. The fubftance of the probofcis 
has fome refemblance to that of horn. It tapers from the 
bafe to the extremity. It is compofed of two fimilar and 
equal parts, each of which is concave, and, when joined, 
form three diftindl tubes. Reaumur has rendered it pro- 
bable, that thefe tubes enable the animals to extraft the 
juices of plants, to condud air into their bodies, and to 
convey the fenfation of fmelling. Hence, the probofcis of 
infedls is an inftrument which ferves them for a mouth, a 
nofe, and a wind-pipe. 

The upper part of the trunk or body of infects is cal- 
led the thorax, and the under part the abdomen, or belly. 
The abdomen contains the ftomach, and other vifcera. 
It confifts of feveral rings, or fegments, and is perforated 
with fpiracula, or tubes, which fupply the want of lungs. 
The abdomen is terminated by the tail, which, in fome 
infects, is armed with a fting, a forceps, a briille, or a 
kind of a claw with a moveable thumb. 

The legs are compofed of three parts, connected to 
each other by joints, and reprefent the thighs, {hanks, 
ankles, and feet of larger animals. 

The wings of infects are fo diverfified in number, 
confiftence and colour, that Linnaeus has made them the 
foundation of the feveral orders or divifions into which 
he divides this numerous clafs of animals. Some infects 

arc 
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are furnifhed with four, and others two wings, and foni 
of them are entirely deftitute of thefe inftrumcnts of 
motion. 

The four-winged infcOs are arranged in five orders. 
The Jirjl order Linnrrus dillinguiflies by the name of co- 
Uopura, or thofe infcds whofe upper pair of wings, con- 
fift of a hard, crullaccous, or homey fubftance. Thefr 
cover and defend the under pair, which are of a more 
foft and flexible texture. This order comprehends the 
whole of what is properly called fcarabai, or the beetle 
tribe. Like other winged infeds, all the beetles live for 
fome time in the form of caterpillars, or grubs. 

As a farther confirmation of the connexion of man- 
ners with form and llrudure, it is here worthy of remark, 
that the fame animals, when in the ftate of caterpillars, 
live in a different manner, and feed on fubftances of a 
very different kind from thofe they confume after their 
transformation into flies. The caterpillars of the gar- 
den-beetle, cock-chafer, &c. lead a folitary life under 
ground, and confume the roots of plants. Thofe of 
others feed upon putrid carcafes, every kind of flefh, 
dried fl^ins, rotten wood, the dung of men, and qua- 
drupeds, and the fmall infers called pucerom^ or I'lne-fret- 
ters. The devourers of the puceron contribute to cure 
fuch plants as happen to be infeded with the fhthiriafiSy 
or loufy difeafc. But, after their transformation into 
flies, many of the fame animals, which formerly fed up- 
on dung and putrid carcafes, are nourifhed with the 
pureft nedareous juices extraded from fruits and flow- 
crs. The creatures themfelves, with regard to what may 
be termed individual animation^ have fuffered no alteration. 
But, the fabrick of their bodies, their infl:ruments of 
motion, and the organs by which they take their food, 
are materially changed. The change of ftrudure, though 
the animals retain their identity, produces the greateft 
diverfity in their manners, their ceconomy, and the pow- 
ers of their bodies. In the caterpillar-ftate, thefe ani- 
mals are extremely voracious, and, in many inftances, 
acquire a greater magnitude than they poffefs after trans- 
formation : but they are incapable of multiplying their 

fpecies. 
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fpecies, and of receiving nourifliment from the fame 
kinds of food. Befides, many caterpillars, previous to 
their transformation, live even in a different element. 
The ephemeron fly, when in the caterpillar ftate, lives 
no lefs than three years in the water, and extrafts its 
nourifhment from earth and clay. After transformation, 
this animal feldom exifts longer than one day, during 
which the fpecies is propagated, and myriads of eggs are 
depofited on the furface of the water. Thefe eggs pro- 
duce worms, or caterpillars, and the fame procefs goes 
perpetually round. 

Linna^us's fccond order of infects, or hemiptera, have 
likewife four wings. But, the upper pair, inftead of be- 
ing hard and horny, rather refemble fine vellum. Thev 
cover the body horizontally, and do not meet in a direft 
line, forming a ridge, or future, as in the beetle tribe. 
The whole of this order are furnifhed with a probofcis or 
trunk for extracting their food. 

This order comprehends feveral genera or kinds, fome 
of which we fhall mention in a curibry manner. — The 
blatta, or cockroach, is an animal which avoids the light, 
and is particularly fond of meal, bread, putrid bodies, 
and the roots of plants. It frequents bakers fhops and 
cellars, and flies the approach of danger with great fwift- 
nefs. — The head of the mantis, or camel-cricket, appears, 
from its contmual nodding motion, to be flightly attached 
to the thoraxr^ This infed is regarded by the Africans as 
a facred animal ; becaufe it frequently affumes a praying 
or fupplicating poflure, by refling on its hind feet, and 
elevating and folding the firfl pair. — The grylhis compre- 
hends a number of fpecies, fome of which are called 
grafshoppers, others locujis, and others crickets. The lar-vce 
or caterpillars of the grylli, have a great refemblance to 
the perfect infeds, and, in general, live under ground. 
Many of thefe infedis feed upon the leaves of plants. 
Others, which live in houfes, prefer bread, and every 
kind of farinaceous fubftance. The fulgcra, or fire-flly : The 
foreheads of feveral of this genus, efpecially of thofe that 
inhabit China, and other hot climates, emit a very lively 
fhining light during the night, which often alarms thofe 
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who are unacquainted with the caufe of the appearance. 

The cicada, fmg-hcppcr, or Jlea-hcuji : The iarViC^ or ca 
terpiilars, of lonie of this genus, dikharge a kind ot 
froth or faliva from the anus and pores of the body, un- 
der which they conceal themfelves from the • \ of 
birds, and other enemies. — The papa, or u. , : !)ion, 
frequents ilagnant waters. It lives chiefly on luiuaric in- 
fects, and is exceedingly voracious. — The r/V;;<r;; or bug : 
Many fpccies of this genus feed upon the juices oi plants, 
and others upon the blood of animals. Some of them 
are found in waters, and others frequent houfes, among 
which, though it wants wings, is the bed-bug, a peltite- 
rous infed, which is too well known, and too generally 
ditfufed. The bugs differ from other infeds by their 
foftnefs ; and mod of them emit a very foetid fmell. — 
The aphis, puceron, or vine-fretter : Thefe infefts are very 
common, and are generally termed the lice of the plants 
which they infcll : The puceron, as remarked in the firfl 
chapter, is viviparous in fummer, and oviparous in au- 
tumn. Numbers of them are devoured by the ants, on 
account, as is fuppofed, of a Iweet liquor with which 
their bodies are perpetually moiflened. — Chermes : The 
laricc or caterpillars of this infccl have fix feet, and are 
gcncrallv covered with a hairy or woolly fubltance. The 
winged infects leap or fpring with great agility, and in- 
fefl a number of different trees and plants^The females, 
by means of a tube at the termination Jpthcir bodies, 
infert their eggs under the furface of the leaves, and the 
worms, when hatched, give rife to thofe tubercles, or 
galls, with which the leaves of the afli, the fir, and other 
trees, arc fometimes almolt entirely covered. 

The third order or tribe of four-winged infecls confifls 
of three genera only. But, the fpecies comprehended 
under them are exceedingly numerous. All butterflies 
and moths belong to this order. Their wings are covered 
with a farinaceous powder, or rather with a kind of fcales 
or feathers, difpofed in regular rows, nearly in the fame 
manner as tiles are laid upon the roofs of houfes. The ele- 
gance, the beauty, the variety of colours exhibited in their 
wings, are produced by the difpofition and dift'erent tinc- 
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tures of thefe minute feathers. The infects of this or- 
der, on account of their beauty and eafy prefervation, 
have always been the favourites of colleftors, and parti- 
cularly of thofe of the female fex. When the feathers 
are rubbed off, the wings appear to be nothing more 
than a naked, and often a tranfparent, membrane. The 
feelers of the papilio, or butterfly, are thickeft at their 
extremity, and often terminate in a kind of capitulum, 
or head. Their wings, when fitting, or at reft, areereft, 
their extremities join each other above the body, and the 
animals fly about, in queft of food and of their mates, 
during the day. — The moths are divided into two genera, 
the one c^Wtd-fphinx, or hawk-moth, and the ether phalana, 
or moth. The feelers of the fphinx are thicker in the 
middle than at the extremities, and their form, in fome 
meaufure, refembles that of a prifm. The wings are, in 
general, defledled, their outer margins declijiing toward 
the fides. They fly about early in the morning, and af- 
ter fun-fet ; and, by means of their probofcis, like the 
butterflies, they fuck the juices of plants. — 'Tho. phalana 
or fuofh : The feelers of this genus are fetaceous, and ta- 
per from the bafe to the point. When at reft, their wings 
are commonly deflefted ; and they fly during the night. 
Previous to their transformation, the caterpillars of the 
whole of this genus fpin webs for covering and protect- 
ing the animals while in the chryfalis ftate. From a fpe- 
cies of this tribe mankind have derived one of the great- 
eft articles of luxury and of commerce which now exifts 
in the world. That feemingly contemptible, that difguft- 
ing reptile known by the appellation of the ftlk-worm, in its 
paffage from the caterpillar to the chryfalis ftate, produces 
thofe fplendid materials which adorn the thrones of Prin- 
ces, and add dignity and luftre to female beauty*. 

The wings of the fourth order, diftinguiftied by the 
name of neuroptera, are membranaceous, naked, and fo 
interfperfed with delicate veins, that they have the ap- 
pearance of beautiful net-work. Their tail has no fting ; 
but that of the male is frequently furniflied with a kind 
©f forceps or pincers. To this order belongs the libella,\ 

or 

* See Chap. XI .■^ncerning the ttansformaiion of Animals. S. + Libcllula. 
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or dragon-Jiy, an infect of very fplendid and variegated 
colours. It is a large and veil known tly, and frequents 
rivers, lakes, pools, and Itagnating waters, in which the 
females dcpolit their eggs. Their mode of generating is 
fmguhr. Ditierent fpecies of them appear from the be- 
ginning of fummer to the middle of autumn. They ge- 
nerally fly in pairs, and in a ItraigHt line, the male pur- 
fuing the female. The organs of the male aie filuated in 
his bread : When he overtakes her, with the torceps iu 
his tail he lays hold of her by the neck, while Ihe, by 
an inflinclive impulfe, makes the lower end of her body 
approach the male organs. In this united fituaticm they 
form a kind of ring, have the appearance of a double 
animal, and fly along till the purpofe is accompHHied. 
Under the fame order is comprehended the phry^anca^ or 
fpfi'^S'J^y • The larvae or caterpillars of this genus live in 
the water, and are covered with a fdken tube. They 
have a very fingular afpedl ; for, by means of a gluten, 
they attach to the tubes in which they are inclofed fmall 
pieces of wood, fand, gravel, leaves of plants, and not 
unfrequently live leltaceous animals, all of which they 
drag along with them. They are very commonly found 
in falads of the water-crefs ; and, as they are often en- 
tirely covered with green leaves, they have the appearance 
of animated plants. They are in great requefl among 
fiOiermen, by whom they are diflinguiflied by the name 
of Jfonc, or cod-bait. Tlie fly, or perfect infedl, frequents 
running waters, in which the females depofit their eggs. 

The ^fth order is termed hymemptera. In general, the' 
infecls belonging to this order have four membranaceous 
and naked wings. In fome of the genera, however, the 
neuters, and, in others, the males, or even the females, 
have no wings. Their tails, except in the male lex, are 
armed with a fUng. — ^The female of the cynips, an infect 
belonging to this order, inferts her eggs into the leaves* 
of the oak, and the caterpillars produced from them give 

rife to the galls employed in the compofition of ink. 

This order likewile includes the v/afp, the bee, and the 
ant. Many of the wafp kind, like the bees, live in fo- 
ciety, make combs in which the females depofit their 
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eggs, and feed their caterpillars with an inferior fpecies 
of honey. Others of them conftruct a feparate neft for 
each individual egg. — The bee is an infect too well known 
to require a particular defcription. The males have no 
fting ; but the females, and the drones, or neuters, have 
a very ftiarp pointed fting concealed in their abdomen. 
The female of the honey-bee is much larger than the male, 
or the neuter. Her feelers contain fifteen articulations. 
Her abdomen is compofed of feven fegments, and is much 
longer than her wings. The feelers of the male contain 
only eleven articulations. The neuters are much fmaller 
than the males or females, and their feelers confift of fif- 
teen articulations. — The fting, with which the male and 
female ants are armed, is concealed within the abdomen. 
The males and females of the ant are furnifhed with wings, 
but the neuters are deprived of thefe inftruments of mo- 
tion. The ants live in focieties which are compofed of 
males, females, and neuters. The males are much fmaller 
than the females and neuters. Soon after the males and 
females propagate the fpecies, they all die. Some of the 
neuters, however, furviv« the winter ; but they remain 
in their habitation without movement, or difcovering any 
figns of life. From thefe civcumftances in the hiftory of 
ants, it is apparent, that the induftry and fagacity fo long 
and fo univerfally afcribed to thefe little animals could be 
of no ufe either to themfelves or their progeny. The fe- 
male, after depofiting her eggs, takes no farther care of 
her offspring. But, what is fmgular, the important of- 
fice of feeding the lar'v^x, or caterpillars, after the eggs 
are hatched, is left entirely to the neuters. This affecti- 
onate and affiduous attention of the neuters to a progeny 
neither begot nor brought forth by them, is fo aftonifh- 
ing, fo contrary to the general oeconomy of Nature, that 
no reafoning or theory can account for a fa6t fo uncom- 
mon, till farther difcoveries ftiall be made in the hiftory 
of thefe furprifmg animals. What is ftill more fingular, 
after the caterpillars are transformed into the chryfalis 
ftate, the neuters are inceffantly and anxioufly employed 
in preferving the chryfales from humidity when the wea- 
ther is wet, and in cxpofing them to the warmth of the 
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fun when it is fair. Thefe chryfalcs are largei than the 
animals themfelvcs, and yet they carry thcin ofi with eafe 
and rapidity. 

The ftxth order of infcds is termed diptera^ or two- 
winged infects. The different fpecies of this order, be- 
fide wings, are furniflied with what is called a halter or 
a poifer^ which is fituated under each wing, and is ter- 
minated by a capituJum, or knob. This order comprehends 
ten genera, and a multitude of fpecies. The caterpillars 
of the oejirus, or gad-Jiy, lie concealed in the Ikins ot 
cattle, where they are nourifhed during the whole winter. 
The perfecl infeds are frequent wherever horfes, cows or 
fheep are grazing. Some of them depofit their eggs in 
the (kins of cows or oxen ; others depofit them in the 
intedines of horfes, to which they get accefs by the anus ; 
and others in the noflrils of flieep. In thefe habitations, 
the caterpillars refide till they are full grown, when they 
throw themfelvcs down to the earth, and generally pafs 
the chryfalis ftate under the firft (tone they meet with. 
— The mufca^ or common jiy : The mouth of this infed:!: 
confifts of a foft, tlefhy proboftis, with two lateral lips. 
The caterpillars of fome of this genus devour the pucc- 
rons ; others confume all kinds of putrid flefh ; others 
are found in chcefe ; others in the excrements of differ- 
ent aninjals ; and many of them live in the water, and 
prefer that which is moil corrupted and muddy. — The 
mouth of the fu/ex, or gnat, confids of a flexible (heath, 
inclofmg four briftles, or pointed flings. The feelers oi 
the female gnat arc plain like a thread ; but thofe of the 
male are beautifully feathered. The worms, or cater- 
pillars, of this genus are commonly found in ftagnanf 
waters. The gnats generally frequent woods and mar(hy 
places. The females, in particular, are very troublefome, 
and (ling fevercly. — The feet of the hippobofca, or borfc- 
Jly, are armed with a number of nails, or crotchets. In 
fome fpecies, the wings crofs each other ; in others, they 
are. open. The horfe-flies frequent woods and mar(hy 
grounds, and are extremely incommodious to birds and 
quadrupeds, whofe blood is the only food of thefe infects. 

The Jeventh order of infects Linnseus denominates ap. 
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tcra, becaufe neither males nor females are furniflied with 
wings. This order comprehends thirteen genera, and a 
great number of fpecies, many of which are very olFen- 
five and noxious to the human fpecies. The pediculus^ or 
loufe^ has fix legs, two prominent eyes, and its mouth 
contains a fling or fucker, by which it extracts blood 
and other juices from the bodies of animals. Though 
almoft every different animal is infefted with a pecuhar 
fpecies of lice, the fpecific charafters of very few of 
them have hitherto been afcertained. Lice are of vari- 
ous forms. Some of them are oval, others oblong, and 
others long and flender. They are oviparous animals, 
and their eggs are large in proportion to the fize of their 
bodies. Before they arrive at maturity, they change their 
(kin feveral times. They are fuppofed to be hermaphro- 
dites. This circumftance, if true, may partly account 
for their prodigious multiplication. Swammerdam, who 
differed a great number, affures us, that he never found 
one without an ovary, nor even difcovered the organs 
peculiar to the male fex. If this ftrudture be univerfal, 
the loufe is an hermaphrodite of a very peculiar kind \ 
becaufe it muft be capable of foecundating itfelf. Seve- 
ral fpecies of worms are hermaphrodites ; but, inftead of 
fcecundating themfelves, they are obliged to impregnate 
each other. — The pulex^ or flea^ has likewife fix legs, the 
articulations of which are fo exceedingly elaftic, that the 
animal is enabled, by their means, to fpring to furprifmg 
diftances. It has two fine eyes, and its body is covered 
with cruftaceous fcales. The flea is the only infeft be- 
longing to this order which undergoes a transformation 
fimilar to that of the former orders : All the other wing- 
lefs infers are produced in a perfect ftate either by the 
mother, or from eggs. The caterpillars of the flea have 
forked tails, and are very fmall and lively. They may 
be nourilhed in boxes, and fed with flies, which they 
greedily devour. Before changing into the chryfalis ftate, 
they live fourteen or fifteen days in the form of caterpil- 
lars. — Aranea, or fpider : This genus comprehends a 
great many fpecies. The fpider has eight feet, and an 
equal number of immoveable eves. The chief prey of 
^ the 
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the fpidcT is flies, animals whofe motions arc extremely 
quick and defultory. To enable the fpider to obi'erve 
their movements in every direction, Ihe is furniflied with 
eight eyes, the pofition of which merits attention : 'iVo 
of them arc placed on the top of the head, other two on 
the front, and two on each fide. The mouth is armed 
with two crotchets, by which it feizes and kills its prey. 
Round the anus there are feveral mufcular inltruments, 
Iliapcd like nipples or teats. Each of thefe contain about 
a thoufand tubes or outlets for threads fo extremely mi- 
nute, that many hundreds of them mull be united before 
they form one of thofe vifiblc ropes of which the fpider's 
web is compofed. The figure of the web varies accord- 
ing to the fpecies, or the fituation the animal choofes for 
its abode. ^Uter the web is completed, fome fpecies re- 
fide in the center, and others occupy the extremity of 
their habitations, where they lie in ambufh, with afto- 
nifhing patience, till an ill-fated fly is accidentally entan- 
gled. The fpider, from the vibration of the threads, 
perceives his prey, ruflies forth from his cell, inftantly 
feizes it with his fangs, devours its vitals, and afterwards 
rejeds the exhaufled carcafe. Spiders prey upon all 
weaker infeds, and even upon their own fpecies. — The 
fcorpion : This venomous infed is a native of warmer 
climates than thofe of the north of Europe. It has eight 
feet, and two claws, the laft of which are fituated on 
the fore part of the head. Like the fpider, the fcorpion 
has eight eyes, three of which are placed on each fide of 
the breaft, and the other two on the back. The tail is 
long, jointed, and terminates in a fharp crooked ffing. 
The venom of the fcorpion is more dcllrudive than that 
of any other infed ; and is fometimes fatal in Africa, 
and other hot regions. 

The lajl divifion of infeds is termed lermes, or ivornis, 
by Linnitus. This clafs comprehends not only all the in- 
feds commonly called luorms, but all the teftaceous ani- 
mals, and the zoophiles, or plant-animals. The ftruft- 
ure of feveral genera belonging to this clafs is extremely 
fingular. After giving a few examples, we ihall haften 
to the conclufion of the preleni fubied. 

The 
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The body of the gordius, or hdir-worm, is long, ftaped 
like a thread or hair, fmooth, and round. A fpecies of 
the hair-worm is very common in our frefh waters, and 
is perfectly harmlefs. In Scotland, it is a vulgar and 
foolifh notion, that the hair of a horfe's tail, when thrown 
into the water, is converted into this worm*. Though 
inoffenfive in this country, the hair-worm of Africa, and 
of both the Indies, is extremely noxious. It is of a pale 
yellowifh colour, and is frequently met with among the 
grafs, efpecially when covered with dew. It often infi- 
nuates itfelf into the naked feet or limbs of children and 
unwary perfons, where it produces an inflammation, 
which is fometimes fatal. It may be extrafted by tying 
a thread round its head, and then pulling it gently out 
of its abode. But, this operation requires great caution ; 
for, if the animal is broken, the part which remains does 
not die, but, in a ihort time, regains what it had loft, 
arid becomes equally entire and troublefome as if it had 
received no injury. — The lumbricus, or earth-worm : The 
body of this worm is cylindrical, confifts of many rings, 
and the middle is encompaffed with an elevated belt. It 
is likewife furnifhed with fharp prickles, which the animal 
can erefl or deprefs at pleafure. Through certain perfo- 
rations in the (kin, it occafionally emits a flimy fluid, 
which lubricates its body, and facilitates its paflfage into 
the foil. The inceftines of this worm are always filled 
with a fine earth) which feems to conftitute its only nou- 
rifhment. Earth-worms, like fnails, are hermaphrodite. 
The parts of generation are placed near the neck, and 
th^y mutually impregnate each other. This operation 
is performed on the furface of the ground ; and, while 
thus employed, they will allow themfelves to be cruftied 
to pieces rather than part. The females depofit their eggs 
in the earth, where they are hatched. Thefe worms, 
like the polypus, when cut through the middle, repro- 
duce, and each portion becomes a diftinft individual. 
According to the different periods of their growth, their 
colour varies ; but, in general, it is a dufl^y red. 

The fepia, or cuttle-fijh^ though comparatively a large 
N animal, 

* A fimilar notion very generally prevails in thefe United-States, 
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animal, feme of them being two feet long, is ranked 
by Linnaeus under the clafs of norms. The llrudure 
of the cuttle-ftlh is remarkable. Its body is cylindrical, 
and, in fome of the fpecies, is entirely covered with a 
flelhy flieath ; in others, the fheath reaches only to the 
middle of the body. The fepia has eight tcntacula, 
or arms, befide two feelers, as they are called, which 
are much lonj^er than the arms. Both the feelers and 
arms are furnilhed with ftrong cups, or fuckers, fhap- 
cd like the cup of an acorn, by means of which the 
animal feizcs its prey, and firmly attaches itfelf to rocks, 
or to the bottom of the fea. It has two large and pro- 
minent eyes. What is flill more fmgular, it is furnifhed 
with a hard, ftrong, horny beak, precifely fimilar, both 
in texture and fubllance, to the bill of a parrot. With 
this bill, the cuttle-fifh is enabled to break the (hells of 
limpets, and other fhell-animals, upon which it chiefly 
feeds. In the belly, there is an aperture through which 
the animal, when-^urfued by its enemies, emits a fluid 
as black as ink, tinges the water, and often efcapes by 
this ingenious llratagem. The ancient Romans frequent- 
ly ufed this black fluid as ink in writing. The males and 
females copulate by a mutual embrace. The female de- 
pofits her eggs upon fea-plants in parcels refembling 
bunches of grapes. At the inftant they drop from the 
mother, the eggs are white ; but the male immediately 
coats them over with a black liquor. The male perpetu- 
ally accompanies the female. When the female is attack- 
ed, he braves every danger, and often refcues her at the 
hazard of his own life. The bone of the cuttle-fifli is 
very light, and, when pulverized, it is employed by dif- 
ferent artifts in making moulds. 

The medufa is an animal which has the appearance of 
a lifelefs mafs of jelly floating on thefurface of the ocean. 
Its body is roundifli, flattened underneath, and the mouth 
is fituated in the center of the under parr. There are ma- 
ny fpecies of this feemingly mod imperfect, defencelefs, 
and abject part of animated nature. They are, however, 
furnifhed with tentacula, by which they feize infeds 
and the fmall fry fiflies, convey them to their mouths, and 

devour 
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devour them. Although the fport of the waves, and the 
prey of every lifh that approaches them, they are grega- 
rious animals, and, particularly in warm climates, fome- 
times colleft in fuch numbers as to have the appearance 
of whitifli rocks under the furface of the ocean. 



We have thus given a fliort (ketch of the ftrufture of 
animals, from man down to the infe£t tribes, and fiiall 
now conclude with a few remarks. 

In all the variety of animated beings whofe general 
ftrudture has been exhibited, the intelligent feader will 
eafily perceive, that the bodily forms of the different 
kinds are exa6lly adapted to the rank they hold in the 
creation, and that their oeconomy and manners are ftridly 
and invariably conneded with their ftruclure and organs. 
If a new animal appears, and if its figure be uncommon, 
it may with fa^^ety be pronounced, that its manners are 
equally uncommon. Change the external or internal 
form of an animal ; diminilh the number of ftomachs 
in the ruminating tribes ; or give to the horfe a parrot's 
bill ; and the fpecies will be annihilated. 

The comparative power, or ftrength, of animals de- 
pends not on ftrudure alone. Mental faculties and doci- 
lity, or the capacity of receiving inftrudion, feem to be 
the greated fources of animal power. Hence man*s unli- 
mited empire over all other creatures. The inventions of 
language, of arms, of writing, printing, and engraving, 
have been the chief means of extending his influence, 
and of his acquiring the dominion of the earth. By thefe 
arts, men tranfmit the improvements, the inventions, and 
the acquifitions, of one age to another. By thefe arts, 
the difpofitions of men are foftened, their manners be- 
come more and' more civilized, humanity is gradually ex- 
tended and refined, and the grolTer inimofities yield to 
external politenefs and decorum at leaft, if the feelings 
themfelves be not blunted. How far this progTefs of fci- 
ence, and the peaceful arts of life, by the accumulation of 
ages, may proceed, it is impoflible to determine. But, 

the 
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the time, it is to be hoped, is not very remote, when the 
fiercer contentions of nations will ceafe, when fclfilhueiV 
and venality, which at prelent feem to be inlcparablc from 
commercial ftates, will give way to generoiity ot temper, 
and uprightnefs of condud. 



CHAP. III. 

Of the Refpiration of Animals — Air ncceffary to the exijiena 
of all animated btings — The varioiu modifications of the or- 
gans employed by Nature for the tranfmijfton of Air into ani- 
mal bodies. 

IT is foreign to the defign of this chapter to mention 
the different kinds of air ; to unfold its compolition ; 
or to recapitulate the innumerable benefits derived from 
it in the animal and vegetable kingdoms, in the arts of 
life, and in the texture and cohcfion of inanimate bodies. 
For our purpofe, it is fufficient to obferve, that by air is 
meant that common elaflic fluid which pervades this globe, 
and which by its weight, its prelTure in all diredions, and 
its compreffibility, infmuates itfelf into every vacuity, and 
is neceflary to the exiftence of every animal and vegeta- 
ble being. 

In man, and the larger land-animals, air is taken into 
the body by the lungs. When an animal infpires, the 
external air paflcs through the apertures of the mouth 
and nofe into the trachea, or wind-pipe, and thence di- 
TcCtly into the lungs. This air, by infmuating itfelf into 
the numerous cells of the lungs, neceffarily inflates them, 
and, when retained for a fecond or two, produces an un- 
eafy fenfation. To remove this difagreeable feeling, the 
animal inftinclively, by the exertion of particular mufcles 
deftined by Nature for that purpofe, forces out the air, 
and thus removes the oflfending caufe. The lungs, after 

the 
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the air is thrown out, inftead of being inflated, cellapfe j 
and, if a frefh fupply is not foon taken in, a fimilar un- 
eafy fenfation is felt, which bbliges the animal again to 
infpire. This alternate reception and rejeftion of air goes 
on during the life of the animal, and is dilUnguiflied by 
the general name of refpiration. But, when treating more 
accurately of the fubject, the act of taking air into the 
lungs is called infpiration, and the ad of throwing it out 
is termed expiration. 

That the refpiration of air is indifpenfible to the exif- 
tence of land-animals, has been proved by innumerable 
experiments made with the air-pump. Mice, rats, rab- 
bits, cats, dogs, &c. when placed in an exhaufled re-, 
ceiver, inftantly become reftlefs, and difcover fymptoms 
of pain. Their bodies fwell, and their life is foon ex- 
tinguifhed. Indeed, our own feelings are fufficient to 
afcertain this fa£t. No perfon can remain long either in 
a Hate of infpiration or expiration without being fuffo- 
cated. 

But, the alternate motions of infpiration and expirati- 
on, joined to the circulation of the blood through the 
lungs, may be confidered as the more mechanical effeds 
of refpiration. Though thefe operations are abfolutely 
neceflary to the exiflence of animals, yet the air itfelf has 
been fuppofed to impart fome vital principle to the blood, 
without which life could not be continued. 

The ingenious Dodor Crawford, in his treatife on Ani- 
mal Heat, has rendered it probable, that the refpiration 
of air is the caufe of that vital warmth without which no 
animal can exift. After mentioning a well known fad, 
that all bodies, whether animate or inanimate, contain a 
certain quantity of fire as a principle in their compofition, 
the Do£l:or remarks, that this quantity, in different bo- 
dies, varies according to their nature or texture ; that this 
fire, when in a latent or quiefcent ftate, is termed ahfolute 
heat ; that, when fubftances of different textures have a 
given quantity of heat thrown into them, their tempera- 
ture will be difcovered to be different by the thermome- 
ter ; for the fame quantity of heat which raifes one body 

to 
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to a certain degree, will raifc another to a greater or a 
lefs ; and this different difpofition of bodies is called their 
capacity of containing ablolute heat. 

Dodkor Crawford next endeavours to prove by experi- 
ments, that, when phlogiflon is added to any body, its 
capacity of containing abfolute heat is diminifhcd ; and 
that, when phlogilfon is abfl:rad:ed from the fame body, 
its capacity of receiving abfolute heat is augmented. 
Hence he infers, that heat and phlogilfon feem to con- 
ftitute two oppofite principles in nature. By the adion 
of heat upon bodies, the force of their attraftion to phlo- 
gifton is diminiflicd ; and, by the adion of phlogifton, a 
part of the abfolute heat, which exills in every fubflance 
as an element, is expelled. ' Hence,' fays the Doctor, 
' animal heat fecms to depend upon a procefs fimilar to a 
' chemical eledive attraction. The air is received into 

* the lungs, containing a great quantity of abfolute heat. 

* The blood is returned from the extremities, highly im- 
' pregnated with phlogifton. The attradion of the air 
' to the phlogifton is greater than that of the blood. This 
' principle will therefore leave the blood to combine with 
' the air. By the addition of the phlogifton, the air is 

* obliged to dcpofit a part of its abfolute heat ; and, as the 

* capacity of the blood is, at the fame moment, incrcafed 
' by the feparation of the phlogifton, it will inftantly unite 
' with that portion of heat which had been detached from 
' the air. 

* We learn from Doctor Prieftley's experiments with 
' refpecl to refpiration, that arterial blood has a ftrong at- 
' tradion to phlogifton : It will, confequentiy, during the 

* circulation, imbibe this principle from thole parts which 

* retain it with the leaft force, or from the putrefcent parts 
' of the fyftem : And hence the venous blood, when it 
' returns to the lungs, is found to be highly impregnated 
' with phlogifton. By this impregnation, its capacity for 
' containing heat is diminiftied. In proportion, therefore, 
' as the blood, which had been dephlogifticated by the 
' procefs of refpiration, becomes again combined with 
' phlogifton, in the courfe of the circulation, it will gra- 

* dually 
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' dually give out that heat which it had received in the 

* lungs, and diffufe it over the whole fyftem*.* 

The Do£l:or afterwards proceeds to affign a reafon why 
the heat of animals is always equal. ' As animals,* fays 
he, ' are continually abforbing heat from the air, if there 

* were not a quantity of heat carried off, equal to that 
' which is abforbed, there would be an accumulation of 
' it in the animal body. The evaporation from the fur- 
' face, and the cooling power of the air, are the great 
' caufes which prevent this accumulation. And thefe are 
' alternately increafed and diminifhed, in fuch a manner 
' as to produce an equal effect. When the cooling power 
' of the air is diminifhed by the fummer heats, the eva- 
' poration from the furface is increafed ; and when, on 
' the contrary, the cooling power of the air is increafed 
' by the winter colds, the evaporation from the furface is 
' proportionally diminiftied f 

This theory, though not fupported by mathematical evi- 
dence, is not only ingenious, but feems to make a nearer 
approach to truth than any that has hitherto been in- 
vented |. 

Refpiration, befide being the probable caufe of the 
equable continuation of heat in animals, produces many 
other falutary and ufeful effeds in the oeconomy of ani- 
mated bodies. There is a moft intimate connexion be- 
tween the aft of refpiring and the circulation of the blood. 
When refpiration is, for a fhort time, interrupted by the 
fumes of burning fulphur, by mephitic air, or by remain- 
ing fome minutes under water, the adion of the heart 
ceafes. But, in many cafes of this kind, the motion of 
the heart may, and frequently has been renewed, by blow- 
ing air into the lungs, and by the application of ftimulat- 
ing fubftances to different organs of the body. In perfons 
feemingly dead from a temporary fufpenfion of refpiration, 
if the lungs can be excited to aft, the motion of the heart 

inftantly 

* Crawford on Animal Heat, pag. 73. S. + Ibid. pag. 84. S. 

t If the reader is defirous of feeing foine pertinent remarks on Doftor Craw- 
ford's Theory of Animal Heat, he may confult Doflor Gardiner's Obfervations 
$n the Animal Oeconomy, and on the Caujcs and Cure of Difeafes, an ingenious and 
ufcful performance, lately publiftied, and which merits much more attention from 
Philofophcrs and PhyCcians than it has hitherto received. S. 
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inftantly commences, the circulation of the blood is re- 

ftored, and life is recovered. This intimate connexion 
between rcfpiration and the adion of the heart, is one of 
thofe aftonifhing fads in the animal ccconomy, thecaufe* 
of which will perhaps forever elude the keencll refcarches 
of the human intellect. All we know is, that certain func- 
tions are indifpenfible to the exigence of animals, and 
that, if any of them are fufpended for a few feconds, life 
is extin^^uiihed ; namely, the action of the brain and nerves, 
the circulation of the blood, refpiration, and a probable 
refult of refpiration, animal heat. Thefc funt^ions, trom 
their importance in the fyftem, have received the appella- 
tion of vital fundiom. There are other fundions of the 
body, called natural, which are no lefs neceffary to life, 

the digeftion and concodion of aliment, the various 
fecretions and excretions. But, they are difUnguiflied 
from the vital fundlions, becaufe fome of them may be 
fufpended for a confiderable time without materially in- 
juring the body. 

Refpiration commences inflantly after birth, and is 
inftinctively continued during life. In the foetus ftate, 
as formerly mentioned*, refpiration is unneceffary, be- 
caufe the circulation of the general mafs of blood is car- 
ried on through a dilFerent channel. In the ad of infpi- 
ration, we are confcious of making a certain effort ; but, 
in the ad of expiration, we fcarcely perceive any exertion 
whatever. 

Befide the circulation of the blood, and the continua- 
tion of the vital warmth, refpiration gives rife to many 
other important fundions in the animal oeconomy. All 
animals who refpire, befide a watery vapor, exhale great 
quantities of mephitic or corrupted effluvia, which, if 
retained in the lungs, or breathed by other animals, would 
foon prove fatal. The mufcles of refpiration, of which 
we have the command, arc employed in many other ope- 
rations of the body, befide the mere ad of breathing air. 
All animals furnifhed with lungs exprefs their wants, their 
affedions and averfions, their plealures and pains, cither 
by words, or by founds peculiar to each fpccies. Thcfe 

different 

* Sec above, page 67, S 



OF NATURAL HISTORY. 105 

different founds are produced by ftraitening or widening 
the glottis and wind-pipe, or, in general, the paffage 
through which the air pafles in refpiration. The inferior 
animals are by this means enabled to exprefe themfelves, 
though not by articulate founds, in fuch a manner as to 
be perfectly intelligible to every individual of a fpecies. 
On man alone. Nature has bellowed the faculty of fpeak- 
ing, or of expreffing his various feelings and ideas, by a 
regular, extenfive, and eflablifhed combination of articu- 
late founds. To have extended this faculty to the brute 
creation, would not, it is probable, have been of any ufe 
to them ; for, though fome animals can be taught to arti- 
culate, yet, from a defe6t in their inteileft, none of them 
feem to have any idea of the proper meaning of the words 
they utter. Speech is performed by a very various and 
complicated machinery. In fpeaking, the tongue, the 
lips, the jaws, the whole palate, the nofe, the throat, to- 
gether with the mufcles, bones, &c. of which thefe organs 
are compofed, are all employed. This combination of 
organs we are taught to ufe when fo young that we are 
hardly confcious of the laborious talk, and far lefs of the 
manner by which we pronounce different letters and words. 
The mode of pronouncing letters and words, however, 
may be learned by attentively obferving the different or- 
gans employed by the fpeaker. By this means we are en- 
abled to correal various defeats of fpeech, and even to 
teach the dumb to fpeak ; for dumbnefs is feldom the ef- 
fect of imperfedion in the organs of fpeech, but generally 
arifes from a want of hearing ; and it is impoflible for 
deaf men to imitate founds which they never heard, ex- 
cept they be taught to ufe their organs by vifion and by 
touching. 

When about to laugh, we make a very full infpiration, 
which is fucceeded by frequent, interrupted and Ibnorous 
expirations. When the titillation is great, whether it 
arifes from the mind or body, thefe convulfive expira- 
tions fometimes interrupt the breathing to fuch a degree 
as to endanger fuflbcation. Moderate laughing, on the 
contrary, promotes health : By agitating the whole body, 
it quickens the circulation of the blood, gives an inex- 

O preffible 
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prcflible chearfulnefs to the countcniincc, and baniflici 
every kind of anxiety from the mind. 

In weeping, we employ nearly the fame organs as in 
laughing. It commences with a deep infpiration, which 
is fucceedcd by (hort, broken, fonorous, and dilagreea- 
ble expirations. The countenance has a dihnal alpecl:, 
and tears are poured out. Weeping originates from grief, 
or other painful fenfations either of body or mind : When 
full vent is given to tears, grief is greatly alleviated. 
Both laughing and weeping have been reckoned peculiar 
to man. But this notion ieems not to be well founded. 
Though the other aniinals exprefs not their pleafures or 
pains in the fame manner as we do, yet all ot them ex- 
hibit their pleafant or painful feelings by fymptoms or 
cries, which are perfet^lly underftood by the individuals 
of each fpecies, and, in many inllances, by man. A dog, 
when hurt, complains in the bittereft terms ; and, when 
he is afraid, or perhaps melancholy, he expreffes the fitu- 
ation of his mind by the mod deplorable bowlings. A 
bird, when fick, ceafes to fing, droops the wing, abftains 
from food, aifumes a lurid afpeft, utters melancholy, 
weak cries, and exhibits every mark of deprelfed fpirits. 
By this means, animals intimate the aflillance they re- 
quire, or foften thofe who maltreat them. Their plain- 
tive cries are fometimes fo affefting as to difarm their 
enemies, or procure the aid of their equals. On the 
other hand, when animals are pleafed or careifed, they 
difcover, by their countenance, by their voice, by their 
movements, unequivocal fymptoms of chearfulnefs and 
alacrity of mind. Thus the expreflions of pleafure and 
pain by brute animals, though not uttered in the pre- 
cife manner with thofe of the human fpecies, are per- 
fectly analogous, and anfwer the fame intentions of Na- 
ture. 

By refpiration, and the inflruments employed in the 
performance of it, the larger animals are not only brought 
forth, but are enabled to extract milk from the breafts 
of the mother. By refpiration, odours are conveyed to 
the nofe ; coughing, fneezing, yawning, fjghing, fmging, 

vomiting^ 
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vomiting, and many other funftions in the animal oeco- 
nomy, are at leaft partly accompliftied. 

After this general view of the refpiration of man and 
of quadrupeds, we proceed, according to the method 
laid down, to give fome account of the fame function in 
the other claifes of animals. 

With regard to birds, though, like other land-animals, 
they refpire by means of lungs. Nature has enabled them 
to tranfmit air to almoft every part of their bodies. The 
lungs of birds are fo firmly attached to the diaphragm, 
the ribs, the fides, and the vertebrae, that they can admit 
of very little dilatation or contraction *. Inftead of being 
impervious, the fubftance of the lungs, as well as of the 
diaphragm, to which they adhere, is perforated with 
many holes or paflages for the tranfmiffion of air to the 
other parts of the body f . To each of thefe perforations 
a diftind membranous bag is joined. Thefe bags are 
extremely thin and tranfparent. They extend through 
the whole of the abdomen, are attached to the back and 
fides of that cavity, and each of them receives air from 
their refpedlive openings into the lungs. The cells in 
birds which receive air from the lungs are found not 
only in the foft parts, but in the bones. That ingenious 
and accurate anatomift, Mr. John Hunter of London, 
remarks, that the bones of birds which receive air are 
of two kinds : ' Some, as the fternum, ribs, and verte- 
' brae, have their internal fubftance divided into innu- 
' merable cells, whilft others, as the os humeri and the 

* OS femoris, are hollowed out into one large canal, with 
' fometimes a few bony columns running acrofs at the 
' extremities. Bones of this kind may be diflinguiflied 

* from thofe that do not receive air by certain marks : 

I. By 

* Thefe numerous adhefions of the lungs of birds, and the fmall dilatation of 
the thorax in the aft of infpiration, are fuppofed, by an ingenious and learned mo- 
dern Phyfiologift and Naturalift, to be the rcafon why, in this cxtenfiye clals of 
animals, the brain is not fubjcfled to that alternate rifing and falling which is ob- 
ferved in the whole clafs of mammalia, during infpiration and expiration. Sec 
the beautiful paper of Mr. Blumenbach, entitled Specimen Plnjiotogia comparatx 
inter animantia calidi Sanguinis Vivipara et Ovipara, publifted in the ninth volume 
of the Commentationes Societatis Regiac Scientiar urn Gottingenfis, for the years 1787, 
and J, "88. 

t 1 his fa£l feems to have been firft mentioned by the celebrated Doctor Har- 
vey. See Harvey de Gene rat. Animal. Excrcit. 3. S. 
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' I. By their lefs fpccific gravity: 2. By being lefs val- 

* cular, and thorclorc whiter: 3. By ihcir containing 
' little or no oil, and confequcntiy being more calily 
' cleaned ; and, w hen cleaned, appearing much whiter 

* than common bones : 4. By having no marrow, or even 

* anv bl(H)dv puljiy iuhllance in their cells : 5. By not 
' being, in general, lo hard and firm as other bones ; 
' and, 6. By the palTage that allows the air to enter the 
' bones, which can calily be perceived. In the recent 
' bone we may readily difcover holes, or openings, not 

* filled with any fuch foft lubftance as blood -veilels, or 
' nerves ; and it happens that leveral ot thefe holes are 
' placed together, near that end of the bone which is 
' next to the trunk, of the bird ; and are diltinguifhable 
' by having their external edges rounded oft ; which is 

* not the cafe with the holes through which cither nerves 
' or biood-veffels pafs into the fubltance of the bone*.* 

Mr Hunter afterwards informs us, that the lungs, at 
the anterior part, open into a number of membranous 
cells, which lie upon the fides of the pericardium, and 
communicate with thofe of the flernum. At tiie fuperior 
part, the liHigs open into the large cells of a loofe net- 
work, through which the wind-pipe, gullet, and large 
veffcls, pafs as they proceed to and from the heart. 'I'hefe 
cells, when diltcnded with air, augment confiderably the 
part where they are lituated ; and this augmentation, or 
Iwelling, is generally a mark either of anger or of love. 
This tumefaction is remarkable in the turkey-cock, in 
the pouting-pigeon, and in the bread of a goofe when 
file cackles. '1 hefe cells communicate with others in the 
axilla, under the large pectoral mufcle. In mofl: birds, 
the axillary cells communicate with the cavity of the os 
humeri by fmall openings in the hollow furface near the 
head of that bone. In fomc birds, thefe cells are con- 
tinued down the wing, and communicate with the ulna 
and radius ; in others, they extend even to the pinions. 
The pofterior edges of the lungs open into the cells of 
the vertebrae, into thofe of the ribs, the canal of the 
fpinal marrow, the facrum, and other bones of the pel- 

* Hunter's Obfcnaiions on certain paits of the Animal Occonr n •. rr). S. 
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vis ; from thefe parts the air finds a paflage into the thigh- 
bone. ' Thus,' continues our learned and indefatigabie 
author, ' the cells of the abdomen, thofe furrounding the 
' pericardium, thofe fituated at the lower and forepart of 
« the neck, and in the axilla, thofe in the cellular mem- 
' brane under the pedoral mufcles, as well as in that 
* which unites the {kin to the body, all communicate 
' with the lungs, and are capable of being filled with air ; 
' and again from thefe the cells of the fternum, ribs, 
' vertcbrie of the back and loins, bones of the pelvis, 
' the humeri, the ulna and radius, with the pinions and 
' thigh-bones, can in many birds be furnifhed with air*.* 

Thefe fafts, which' our author candidly acknowledges 
had been formerly obferved, led him, in the year 1758, 
to make experiments on the breathing of birds, in order 
to prove the free communication between the lungs and 
the feveral parts of the body mentioned above. 

' Firft,' fays he, ' I made an opening into the belly of a 
' cock, and having introduced a filver canula, tied up 
' the trachea ; I found that the animal breathed by this 
' opening, and might have lived ; but, by an inflamma- 
' tion in the bowels coming on, adhefions were produced, 
' and the communication cutolF. 

« I next cut the wing through the os humeri, in ano- 
« ther fowl, and tying up the trachea, as in the cock, 
' found that the air palled to and from the lungs by the 
' canal in this bone. The fame experiment was made 
' with the OS femoris of a young hawk, and was attended 
' with nearly the like fuccefsf.' 

The extreme Angularity of this almoft-univerfal diffu- 
fion of air through the bodies of birds, naturally excited 
a defire to difcover what might be the intention of Na- 
ture in producing a ftructure fo extraordinary. Mr Hunter 
firft imagined that it might be intended to afiift the act 
of flying +, by increafing the volume and ftrength of the 
animal, without adding to its weight, which muft be di- 

miniflied ; 

■* Hunter's Obfervations on certain parts of the Animal Oeconomy, p. oi. S. 
+ Ibid., p. 82, S. „ , 

1 This was likewilc the opinion of the late learned ProfelFor Camper. Sec what 

he has faid on this curicus rubjeft, in the fourth volume of the Hedcndaegze later 

i^'ff'odngcny n. 2. for the year 1771. 
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minifhed ; becaule the fpecific gravity of the external air 
is fuj)€rior to that of the internal air, which is rendered 
more rare by the heat of the animal's body. This opinion 
was corroborated, by confidering that the feathers of 
birds, and particularly thole of the wings, contain a great 
quantity of air. With his ufual ingenuoufnefs, however, 
Mr. Hunter, in oppofition to his firff conjedure, informs 
us, that the oftrich, which does not fly, was amply pro- 
vided with air-cells difperfed through its body *; that the 
wood-cock, and fome other flying birds, were not fo 
liberally fupplied with thefe cells as the oftrich ; and that 
the bat had no fuch peculiarity of ftrudure. With re- 
gard to the oftrich, though it is not intended to fly, it runs 
with amazing rapidity, and, conlequently, requires fimi- 
lar refources of air. 

Ho next conjedured, from analogy, that the air-cells 
in birds ought to be conlidered as an appendage to the 
lungs ; becaufe in the fnake, viper, and fevcral other 
amphibious animals, the lungs are continued, in the form 
of two bags, through the whole abdomen, the upper 
part of which can only perform the office of refpiration 
with any degree of etfect ; becaufe the lower part has 
comparatively few air-vefle!s. ' The air,' fays Mr. Hun- 
ter, ' muft pafs through this upper part before it gets to 
' the lower in infpiration, and muft alfo repafs in expira- 
' tion ; fo that the rcfpiratory furface has more air appli- 
* ed to it than what the lungs of themfelves could contain. 
' There is, in fad, a great fimilarity between birds and 
' that cials of animals called amphibious ; and, although a 
' bird and a fnake are not the fame in the conftrudion of the 
' refpiratory organs, yet the circumftance of the air paf- 
' fmg in both beyond the lungs, into the cavity of the 
' abdomen, naturally leads us to fuppofe, that a flrudure 
' fo funilar is defigned in each to anfwer a fimilar pur- 
' pofe. This analogy is ftill farther fupported by the 
' lungs in both confifting of large cells. Now, in am- 
' phibious animals, the ufe of fuch a conformation of lungs 

' is 

* Proff (Tor Camper inforrm us, th^t in the oflrirh, and in the cafowary, which 
is a fpe^CK s of the oilrich, the air does not penetrate into the ofla humeri ; but 
that It li prefcDt in all the other bones. 
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' is evident ; for it is in confequence of this ftruclure that 
' they require to breathe lefs frequently than others. 

* Even confidefing the matter in this light, it may flill, 
' in birds, have fome connexion with flying, as that mo- 
' tion may eafily be imagined to render frequency of re- 

* fpiration inconvenient, and a refervoir of air may 
' therefore become fmgularly ufeful. Although we are 

* not to confider this ftrudure in birds to be an extenfion 

* of lungs, yet I can eafily conceive this accumulation of 
' air to be of great ufe in refpiration ; for, as we obferved 
' in the viper, that the air, in its palTage to and from 

* thefe cells, muft certainly have a confiderable effeft upon 
' the blood in the lungs, by allowing a much greater 
' quantity of air to pafs in a given time, than if there 
' was no fuch conftrudion of parts. And this opinion 

* will not appear to be ill founded, if we confider, that, 
' both in the bird and the viper, the furface of the lungs 
' is fmall in comparifon to what it is in many other ani- 
' mals which have not this extenfion of cavity. — We muft 
' not, however, give up the idea of fuch ftrufture being 
' of ufe in flying ; for I believe we may fet it down as a 

* general rule, that, in the birds of longeft and higheft 
' flight, as eagles, this extenfion, or diffufion of air, is 
' carried farther than in the others ; and this opinion is 
' fl:rengthened, by comparing this ftrufture with the re- 
' fpiratory organs in the flying infeds, which are com- 
' pofed of cells difi\ifed through the whole body ; and 

* thefe are extended even into the head and down the 

* extremities, while there is no fuch ftrufture in thofe 

* that do not fly, as the fpider,* &c. 

Though Mr. Hunter's modefliy has not permitted him 
to draw his conclufion in a pofitive manner, he feems to 
have proved decidedly, that one ufe of the general diffu- 
fion of air through the bodies of birds is to prevent their 
refpiration from being fl:opped or interrupted by the rapi- 
dity of their motion through a refifl:ing medium. The 
refift:ance of the air increafes in proportion to the celerity 
of the motion. Were it poflible for man to move with 
a fwiftnefs equal to that of a fwallow, the refifl:ance of the 
air, as he is not provided with internal refervoirs fimilar 

to 
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to thofe of birds, would foon fuffocatc him. Neither doc» 
the difiiculty he mentions, with regard to the Itriithirc of 
the ollrieh, feem to contradict his theory ; for thou«;h,' 
as formerly remarked, the oftrich does not Hy, he runs 
with ailonifhing rapidity. 

The refpiration of air is not only neceflary to the exift- 
ence of land-animals, but to that of fishes of every de- 
nomination. Coctaceous fifhes, or thofe of the whale- 
kind, reipire, like man and quadrupeds, by means oi lungs ; 
and, of courfe, they are obliged, at certain intervals, to 
come to the furface, in order to throw out the former air, 
and to take in a frefh fupply. 

Inflead of lungs, the other fpecies of fiflies are furnifh- 
cd with gills, through which they refpire both water and 
air; for air is univerfally dilfufed or mixed with every 
portion of water. When a free communication with the 
external air is prevented by ice, or by artifice, fifhes im- 
mediately difcover fymptoms of uneafmefs, and foon pe- 
rifh. -^lian informs us, that, in winter, when the river' 
liter was frozen, the fifhers dug holes in the ice ; that 
great numbers of fifhes reforted to thefe holes ; and that 
their eagernefs was fo great, that they allowed themfelves 
to be feized by the hands of the fifliermen. Rondeletius 
made many experiments on this fubjedt. If, fays he, filhes 
are put into a narrow-mouthed vclTel filled with water, 
and a communication with the air be preferved, the ani- 
mals live, and fwim about, not for days and months only^' 
but for feveral years. If the mouth of the vefiel, how-' 
ever, be fo clofely fhut, either with the hand, or any other 
covering, that-the paffage of the air is excluded, the fifhcs 
fuddenly die. Immediately after the mouth of the veflel 
is clofed, the creatures rufh tumultuoufly, one above an- 
other, to the top, contending which of them (hall fooneft 
receive the benefit of the air *. In the fhallow parts; of 
rivers, when frozen, many fifhes are found dead. Bur, 
when parts of a river are deep or rapid, the fiflies flv from 
the ice, and bv this means avoid deflruftion. 

Thefe, and fimilar experiments, have been repeated by 
Mr. Willoughby, and many other modern authors ; and 

thev 
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they have uniformly been attended with the fame event. 
A carp, in a large veffel full of water, was placed in the 
receiver of an air-pump. In proportion as the air was ex- 
haufted by working the pump, the furface of the animal's 
body was covered with a number of bubbles. The carp 
foon breathed quicker, and with more difficulty ; A little 
after, it rofe to the furface in quefl: of air. The bubbles 
on its furface next difappeared ; the belly, which before 
was greatly fwollen, fuddenly collapfed ; and the animal 
funk to the bottom, and expired in convulfions. 

Thus the refpiration of air is as neceffary to the exif- 
tence of fifhes as to that of land-animals ; for none of 
them can live long when deprived of this vivifying ele- 
ment. Fifhes, indeed, feem to require a fmaller quantity of 
air than animals who have a conftant and free communi- 
cation with the atmofphere. The bodies and fluids of 
fiflies are colder than thofe of land-animals ; and, of 
courfe, if Doftor Crawford's theory be well founded, 
fifhes require lefs air to fupport the proportionally fmall 
quantity of heat they poffefs. 

An analogy between fiflies and birds deferves here to 
be noticed. Both of thefe clad'es of animals are rapid in 
their motions ; and both of them, befide refpiring by 
lungs, or gills, have receptacles of air within their bodies. 
Fifhes tranfmit fmall quantities of air through their gills ; 
but Nature has provided mofl of them with air-bags or 
bladders, which may anfwer the double purpofe of enab- 
ling them to afcend and defcend in the water, and to com- 
municate a vital principle to their whole fyftem. 

We fhail conclude this fubje£l with an account of the 
modes employed by Nature for tranfmitting air into the 
bodies of insects. 

In this feemingly contemptible, and often noxious clafs 
of animals, Nature has exhibited a wonderful diverfity of 
form, of manners, of inftinds, of deformity, and of 
beauty. But, however infignificant thefe creatures may 
appear to inattentive obfervers. Nature has been equally 
provident in the formation of thejr bodies, and in the 
means of preferving the different individuals, according 
to their kinds, as in the larger animals, which have the 

P appearance 



appearance of Inore importance m the fcaTc of being*. 
To infers (he has denied hingJ? firhilar to thofe of men, 
quadrupeds, birds, and fifhcs ; but as the franfmi/non of 
air into their bodies was necefl'ai^ to continue the princi- 
ple of life, flie has furniflicd them \vith peculiar inllru- 
ments and apparatus for accomplilhing this indifpenfiblfe 
purpofe. 

Air is conveyed into the bodies of infers by inflrii- 
ments called trachea, or Jl'igmata. The trachea;, or wind- 
pipes, are, in many infedls, long tubes protruding ex- 
ternally from different parts of the body. In fome, they 
proceed from the pofterior part, and h.ive the^ppeatanc'e 
of one, two, or three tails ; in others they aiife from 
the back or fides. The Jligmata ai^c fm;il1 hxSles, generally 
of a different colour from the reft of the body, and run 
along the fides of many caterpillars in regular and beau- 
tifully-dotted lines. That thefe tracheae and ftigmata are 
dellined for the tranfmiffion of air, has been proved by 
repeated experiments ; for, when flopped up by the ap- 
plication of oil, or other unfluous fubftances, the ani- 
mals foon lofe their exiltence. 

In contemplating the parts of animals, when the ufts 
of thefe pans are not apparent, we are apt to deceive 
ourfelves by raflily fuppofing them to anfwer purpofes for 
which thej were never intended by Nature. Impreffed 
with this idea, 1^.1. dc Reaumur was not fatisfied with the 
notion of Godart and others, that the long tails of cer- 
tain worms were intended to keep them fteady Tn their 
motions, and to prevent them from rolling. Reaumur 
obferved, that thefe worms or grubs could lengthen or 
fhorten their tails at pleafure, but that they ^vere always 
longer than the animal's body. Becaufe thefe tails have 
fome refemblance to that of a rat, he diflinguifhes the 
animals by the name of ttit-taikd worms. Thefe wornls 
are aquatic, and never appear on dry ground till they arc 
about to undergo their firfi: transformation. Reaumur, 
lA order to obferve their ceconomy more clofely, collected 
a number of rat-tailed worms, and put them into a glafs 
veffel filled two inches high with water. At firfl they 
were confiderably agitated, each feemingly fearching for 

a proper 
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a proper place of repofe. Some of them fwam acrofs, 
others attached themfelves to the fides, and others refted 
at the bottom of the velTel. In a quarter of an hour they 
were almpft entirely tranquil, and Reaumur foon difco- 
vered the real ufe of their long tails. Upon examining 
the veffel, he found that each of the animal^, in what- 
ever fituation they ■\yere placed, extended its tail exaflly 
to the furface ^ that, like other aquatic infects, the ref- 
piration of air was neceffary to their exiftence ; and that 
the tail, which is tubular, and open at the extremity, 
was the organ by which this operation was performed. 
In this experiment, the diita^ce from the bottom' to the 
furface was two inches, and, of courfe, the tails were 
of an equal lengt^i. To difcover how far the animals 
could extend their tails, this mofl: ingenious and indefa- 
tigable philpfopher gradually augmented the height of 
the water, and the tails uniformly rofe to t^ie furface till 
It was between five and fix inches high. When the water 
was railed higher, the animals immediately quitted their 
ftation at the bottom, and either mounted higher in the 
water, or fixed upon the fides of the velfel, in fituations 
which rendered it convenient for them to reach the fur- 
face with the points of their tails. Thefe tails confift of 
two tubes, bjoth of which are capable of extenfion and 
contradion. The firll tube is always vifible ; bnt the 
fecond, which i^ the proper organ of refpiration, is ex- 
ferted only when the water is raifed to a certain height. 
Through tl>is tube the air is conveyed into two large 
trachea? or wind-pipes v/ithin the body of the animal, 
and rnaintains the principle of life. When the tails are 
below the furface, they occafionally emit fmall bubbles 
or air, which are vifible to the naked eye ; and immedi- 
ately repair to the furface for frefli fupplies. Thefe rat- 
tailed wprms pafs the firft and longefl: part of their lives 
under water ; when near the time of their transformation, 
they leave the water, go under the ground, and are there 
transformed into chryfalids ; and, laftly, from this flatc 
they are transformed into flies, and fpend the remainder 
of their exiftence in the air. 

ApjOther fpecies of aquatic worms merit attention. 

They 
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They frequent marflies, ditches, and ftagnating waters. 

Their general colour is a grecnifh brown. Their bodies 
confift of eleven rings ; and their Ikin is not crullaccous, 
biit rather refembles parchment. Though thefe animals, 
before their transformation into flies, live in water, air 
IS necelldry to fupport their principle of life; and the 
apparatus with which Nature has furniflied them for that 
important purpoie deferves our notice. The lalt ring, or 
termination of their bodies, is open, and ferves as a con- 
ductor of air. Front this lafl T\n<^ proceed a number of 
hairs, wliich, when examined by the microfcopc, are 
found to be real feathers with regular vanes. In parti- 
cular fituations, they bend the lalt ring in fuch a manner 
as to reach the furfacc of the water or mud in which they 
are placed. Thefe feathers prevent the water from en- 
tering into the tube, or organ of refpiration ; and, when 
the animal riifes the termination of its body to the fur- 
face, in order to receive air, it eredts and fpreads the 
•feathers, and by this means expofes the end of the tube 
to the atmofphere. When cautioufly cut open, two large 
vefTels, or tracheal, appear on each fide, and occupy al- 
moft one half of the body. Both of thefe wind-pipes 
terminate in the open tube, or laft ring. Though thefe 
•worms are furnifhed with organs of refpiration, and ac- 
tually refpire air, yet M. de Reaumur difcovered that 
fome of them could live more than twenty-four hours 
without refpiration. 

So anxious is Nature to provide animals,- in every ftate 
of their exiftence, with air, that, after the transformation 
6f many infeds into chryfalids, fhe creates inftruments for 
that purpofe, which did not exifl: previous to their trans- 
formation. The rat-tailed worms, formerly mentioned, 
Toon after they are transformed into chryfalids, infVead of 
a foft pliable (kin, are covered with a hard cruftaceous 
"ftibftance, feelingly impervious to the air ; and the tail, 
Hvhich'was tht vind-pipe of the animal in its firfl ftate, 
gradually vanilhes. In a few hours, however, four hol- 
low horns fhoot out, two from the fore, and two from 
the hind, part of what was the head of the animal. Thefe 

horns. 
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horns, which are hard and tubular, M. de Reaumur dif- 
covered to be real wind-pipes, deftined tor the introduc- 
tion of air into the chryfalis, a frate in which the animals 
have the appearance of being almolt totally dead, and, of 
courfe, fliould feem to have little ufe for refpiration. He 
likewife difcovered that thefe horns, which had pierced 
the hard exterior covering, terminated in as many tra- 
che£e in the body of the animal. This fact affords a 
ftrong example of the necefiity of air for fuflaining the 
principle of life, even in its lowed condition. After thefe 
animals pafs from the chryfalis ftate to that of flies, they 
are deprived both of their tails and horns. But Nature, 
in this lafl: ftage of their exiftence, has not left tlxem with- 
out proper reiources for the introdudion of air into their 
bodies. Inftead of protuberant tracheae in the form of 
tails or horns, they now, like other flies, receive air by 
means of ftigmata, or holes, varioufly difpofed over dif- 
ferent parts of the body. 

The nymph of the libella, or dragon-fly, refpires water, 
in the fame manner as men and quadrupeds refpire air. 
We receive and throw out th^ air by the mouth and nof- 
trils. But the nymphs of the libella receive and eje£t 
water by an aperture at the termination of their bodies. 
Thefe nymphs fometimes throw out the water, at certain 
intervals, with fuch force, that the ftream is perceptible 
at the diftance of two or three inches from their bodies. 
When kept fome time out of the water, the defire or ne- 
ceflity of refpiration is augmented ; and, accordingly, 
when replaced in a veflTel filled with water, infpirations 
and refpirations are repeated with unufual force and fre- 
quency. If you hold one of thefe nymphs in your hand, 
and apply drops of water to the poflerior end of its body, 
it inftantly, by an apparatus fimilar to the piflon of a pump, 
fucks in the water, and the dimenfions of its body are 
vifibly augmented. This water is again quickly thrown 
out by the fame inllrument. But, though this infect re- * 
fpires water, air feems to be not the iefs neceilary to 
its exiftence ; for, like other infe£ts, the whole interior 
part of its body is amply provided with large and convo- 
luted 
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luted ; and, externally, there arc ftjveral ftignvita 

delHiKu i ihe introduclioa of air *. 

The worms, or nymphs, of the ephemeron flics merit 
attention. They have received the denomination qt ephe- 
meron^ becaufe almofl none of them furvivu the day in 
which they are transformed into Hies. But, many ot them 
live not one hour alter their transformation. When in 
the worm and nymph Rates, they generally live in holcii 
near the furt'ace of the water ; and, under thefe two forms, 
continue to grow till they are mature for palUng into the 
lall and (horteii period oi iheir exiltence. Swammerdam 
informs us, that lome of them remain three years under 
water, others two, and others one only. During their 
abode in this clement, they are nouriflied and prepared for 
their lail and fatal change. Immediately after the male? 
have joined their mates, and the females have depofitecl 
their eggs in the water, both perifh, but not before they 
have left the rudiments of a numerous race of fucceflTors* 
As long as thefe infeds live in the water, to inattentive ob- 
fervers, their general appearance is nearly the fame. Whei> 
they have pafled, however, into nymphs, the veiHges qf 
wings may be perceived, which we look for in vain during 
their fir It or worm ft ate. In both dates, the infeCl which 
is to become an ephemeron fly has fix legs attache^ to t)ie 
breaft. The head is triangular, and from the bafe of each 
eye proceeds an articulated feeler. The body is compof- 
«d of ten rings, from the laft: of which three tails, that 
\ .bably perform the oflice of trachea:, arife. Thefe tails, 
in fome fpecies, are as long as the animal's body, and are 
fringed with hairs which liave a refemblance to feathers. 
But, what principally deferves our notice on this fubjed 
is, that, on each fide of the body, there are fix or feven 
protuberances, which have the appearance of fo many 
oars. With thefe inflruments the animals defcribe arches 
in the v/ater, firfl: on one fide, and then on the other, with 
aftoni/hing rapidity. This circumflanca led Clutius, an4 
fome other authors, to think that thefe protuberances wer^ 
fins, or inilruments of motion, and that the animals were 
fifnes. But Reaumur remarked that they moved thefip 

fins 

* Reaumur, ton). ii. pag. 187. duod. edit. S. 
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finfe with th^s fame rapidity when the animals were at reft 
as when they were in motion ; and that, inftead of fins, 
when examined by the microfcope, he difcovered them to 
be giHs, through which the creatures refpire. Each giH 
confifls of a ihort trunk, and two large branches, or tubes, 
which gi^e off on all fides a number of fmaller ramifica- 
tions, and are perfeftly fimilar to the tracheae of other in- 
fers. • At the origin of every gill, two tracheae penetrate 
the trunk, and are difperfed through the body of the ani- 
mal. 

Though 'tTie ftigmata, or refpiratory organs, of cater- 
pillars and other infeQ:s, were long known to ferve the 
purpofe of infpiration, yet it was uncertain whether the 
animals refpired by the fame orifices, till Bonnet, and, 
after him, Reaumur, afcertained the fad by many cuii- 
ous and accurate experiments. The firft of thefe authoris 
immerfed numbers of caterpillars, of different kinds, 
and at different times, in water, and he obferved, both 
with the naked eye, and by the affiftance of a glafs, bub- 
bles of air iifuing from various parts of their bodies, and 
particularly from the fligmata. To remove all deception 
from his experiments, before immerfion, he carefully 
moiftened the caterpillars with water, in order to diflodge 
any poi'tions of the external air that might be adhering 
to their bodies. Some of them he allowed to remain fo 
long under water, that they had every appearance of death. 
He then raifed the head and the two anterior fligmata 
above the furface. The head, and firft pair of legs, foon 
began to move from fide to fide ; and the body necelfarily 
partook of the fame motions. During thefe movements, 
many bubbles of air iffiied from the pofterior and inter- 
mediate ftigmata, which ftill remained under water ; but 
the membranous limbs continued nearly at reft. He 
next kept a caterpillar under water till all motion was 
fufpended. Then he elevated the anus and the two laft 
ftigmata above the furface, that they might have a com- 
munication with the external air. He kept the animal in 
this fituation about half an hour, without any fymptoms 
of re-animation. After raifing the body fuccelfively from 
the laft to the firft pair of ftigmata, ftill the animal exhi- 
bited 
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bited no fymptoms of life j but, when he expofed the 
\v! ^' b-idy tt> the ex'..crn;il air for half an hour, the pow- 
c; _ completely returned. After fufpending the 

c. abput two hours with the laft five pair ot ftig- 

' -jv vc the furface, he found that life was not extin- 
^ d. He then raifed the water till the anus and laft: 
l^air of lt'»xmata only were expofed to the atmofphere. 
He allowed the caterpillar to remain in this fituation 
jfnore than half an hour ; and he obferved that it often 
bendc'.l its bodv with a view to reach tli£ furface, and that, 
during thefe etlorts, bubbles of air iflued from the ante- 
rior, but not from the pollerior, fligmata. He likewife 
remarked, that, on the fmallefl; motion of the animal, 
thefe bubbles were difcharged, but that they were 
augmented both in quantity and fize, in proportion 
to the agitations of the body. M. Bonnet immediately 
raiftid the water till it covered the two laft fligmata ; the 
Caterpillar was violently agitated ; but no bubbles of air, 
the communication being cut off, appeared, and all mo- 
tion ceafed. He inflantly lowered the water, and expofed 
the two pofterior ftigmata to the air ; the animal refumed 
it movemepits ; but in a moment after it expired. By 
another experiment, M. Bonnet difcovcred that a cater- 
pillar lived eight days fufpended in water, during all 
which time it breathed folely by the two pofterior ftig- 
mata. 

After thefe, and miny other fads of a fimilar kind, 
which demonftrate that air is neceffary for the fupport 
and continuation of animal life, it fliall only be remarked, 
that, when caterpillars undergo their laft change, and 
appear in the form of flies of every denomination. Na- 
ture has ftill furnifiied them with ftigmata, or refpiratory 
organs. 

Reptiles of all kinds are likewife furniflied with organs 
of refpiration. Land-fnails, at the approach of winter, 
bury themfelves in the earth, or retire into holes of rocks, 
or of old buildings, where they remain in a torpid ftatc 
during the feverity of the feafon. For protedion and 
warmth, thefe animals, when they go into their winter 
habitations, form, by means of a flime or filiva that if- 

fue 
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fues from every pore of their bodies, a membranous co- 
yer, which flops up the mouths of their (hells. But this 
pellicle, or cover, though apparently pretty hard and folid, 
is fo thin and porous as not entirely to exclude the en- 
trance of air, without which the principle of life could 
not be continued. Accordingly, when, by accident, the 
pellicle is made too thick, and prevents a communication 
with the external air, the animal, to remedy the evil, 
makes a fmall aperture in its cover. In this ftate fnails 
remain fix or feveh months, without food or motion, till 
the, genial warmth of thefpring breaks their flumber, and 
calls forth their active powers. Hence it fhould appear, 
that air is more neceflary to the prefervation of animal 
life than food itfelf ; for, in numberlefs inftances, ani- 
mals can live, not for days or weeks, but for months, 
without fupplies of nourifhment. None of them, how- 
ever, are capable of exifting nearly fo long without bav- 
ins: fome communication with the air. 

With regard to fnails that live in frefli waters, or in the 
ocean, the fpecies of which are numerous, their manner 
of refpiring is fingular. All of them have an aperture 
on the right fide of the neck. This aperture ferves the 
complicated purpofes of difcharging the faeces, of lodg- 
ing the organs of generation, of afcending and defcend- 
ing in the water, and of refpiration. They are frequently 
obferved to ftraiten the orifice of this aperture, to iiretch 
it out in the form of an oblong tube ; and, in this flate, 
they rife to the furface, in older to expel the former air, 
and take in a new fupply. 

But, though air feeriis to be an indifpenfible principle 
of animal life, yet many animals can live longer without 
the ufe of this element, or at leafl with fmaller quanti- 
ties of it, than others. Even men, by long practice, 
acquire the faculty of retaining the air in their lungs for 
an almoft incredible length of time. Some of thofe 
wretched creatures who are compelled by tyranny to dive' 
for pearl-oyfters, have been known to continue undei; 
water three quarters of an hour without receiving a (rtfh 
fupply of air. Thofe animals which lie torpid dunpg^' 
the winter, as the hedge-hog, the dormoufo, the marmot, 

&c. 
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Uc. though perhaps not entirely deprived of all commu- 
nication with the nir, exilt, without any apparent brea- 
thing, till the heat of the fpring rcilorcs their wonted 
powers of life, when the rcfpiration of air becomes again 
equally necelfary as before their torpor commenced. The 
toad, like all the frog-kind, is torpid in winter. At the 
approach of winter, the toad retires to the hollow root 
of a tree, to the cleft of a rock, and fometimcs to the 
bottom of a ditch, or pond, where it remains for months 
in a Hate of feeming infenfibility. In this lafl fituation, 
it can have very little communication with the air. But 
ftill the principle of life is continued, and the animal re- 
vives in the fpring. What is more wonderful, toads have 
been found, in a hundred places of the globe, inclofed 
in the heart of folid rocks, and in the bodies of trees, 
where they have been fuppofed to exift for centuries, 
without any apparent acccfs either to nouriftnnent or to 
air ; and yet they were alive and vigorous. In the Me- 
moirs of the Academy of Sciences for the year 17 19, 
we have an account of a toad found alive, and healthy, 
in the heart of an old elm. Another, in the year 1731, 
was difcovered, near Nantz, in the heart of an old oak, 
without any vifible entrance to its habitation. From the 
fize of the tree, it was concluded, that the animal muft 
have been confined in that fituation at lead eighty or a 
hundred years. In the many examples of toads found 
in folid rocks, exaft impreflions of the animals bodies, 
correfponding to their refpedive fizes, were uniformly 
left in the ftones or trees from which they were diflodg- 
ed ; and, to this day, it is faid, that there is a marble 
chimney-piece at Chatfworth with a print of a toad in it ; 
and a traditionary account of the place and manner in 
which it was difcovered. 

Thefe, and fimilar fa£ls, are fupported by authorities 
fo numerous and fo refpedable, that it is unneceffary to 
quote them. Many abortive attempts have been made 
to account for an animal's growing and living very long 
in the fituations above defcribed, without the poflibility 
of receiving nouriHiment or air ; efpecially as, like all 
other animals, when put into an exhaulled receiver, the 

toad 
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toad foon lofes its exiftence. Upon this fubjeft I fhall 
only hazard two obfervations. The toad, it is well known, 
when kept in a damp place, can live feveral months with- 
out food of any kind, though, in its ftate of natural 
liberty, it devours voracioufly fpiders, maggots, ants, and 
other infefts. Here we have an inilance, and there are 
many, of an animal whofe conditution is fo framed by 
Nature, that it can exift feveral months without receiving 
any portion of food. According to our ideas of the ne- 
ceflity of frequent fupplies of nouriftiment, it is nearly 
as difficult for us to conceive an abftinence of four or fix 
months as one of as many years, or even centuries. The 
one fa£t, therefore, though we are unable to account for 
cither, may be as readily admitted as the other. The 
fame remark is equally applicable to the regular refpira- 
tion of air. The toad, and many other animals, from 
fome peculiarity in their conftitution, can live very long 
in a torpid flate without feeming to refpire, and yet their 
principle of life is not entirely extinguifhed. Hence the 
toad may, and actually does, live many years in fituati- 
ons which exclude a free intercourfe with the external 
air. Befides, almoft all the above, and fimilar fafls, muft, 
from their nature, have been difcovered by common la- 
bourers, who are totally unqualified for examining every 
circumftance with the difcerning eye of a philofopher. 
In rocks there are many chinks, as well as filTures, both 
horizontal and perpendicular ; and in old trees nothing 
is more frequent than holes and vacuities of different di- 
menfions. Through thefe fiffures and vacuities the eggs 
of toads may accidentally be conveyed by water, the pe- 
netration of which few fubftances ai"e capable of refilling. 
After the eggs are hatched, the animals may receive moi- 
fture, and fmall portions of air, through the crevices of 
rocks, or the channels of aged trees. But, I mean not 
to perfuade ; for I cannot fatisfy myfelf. All I intend 
is, to recommend to thofe gentlemen who may hereafter 
chance to fee fuch rare phaenomena, a itrict examination 
of every circumftance that can throw light upon a fubje£k 
fo dark and myfterious j for the vulgar, ever inclined to 

render 
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render uncommon appearances Itili more marvellous, are 

nor to be truitod. 

From the iacts I have enumerated, it is apparent that 
air, in certain proportions, according to the ftrudure and 
■;itio:i of every animated beinj; ol which wc liave 
. iiowledgc, is indifpenfibly nccelVary for the exillcncs 
and continuation of animal life. Not only men, quadru- 
peds, birds, fifties, reptiles, and the larger infeds, but 
jcvcn lleas, mites, the minute eels found in palte or in 
vinegar, and the animalcules produced by intuling ani- 
mal or vegetable fubllances in v^ater, inevitably pcrifti 
when deprived of ihis all-vivifying element. 

With regard to plants, air is fo nccellary to their ex- 
illence, that they do not vegetate in an cxliaufted receiver. 
Plants, as formerly mentioned, are furnilhed with nume- 
rous air-vclfels, or relpiratory organs. They ablorb and 
tranimit air through every pore. When placed in an ex- 
haui'ied receiver, the air contained in every part of their 
iubitance is foon extraded ; and, in proportion as this 
air is likewife pumped out by the machine, the flowers 
and leaves Ihow evident fymtoms of debility ; they be- 
come Haccid, pendulous, and aft'ume a fickly appearance j 
and, if retained in that lituation a certain length of time, 
their vegetating powers are irrecoverably extinguidied. 

Upon the whole, as the air we continually breathe is 
an univerfal menitruum, and, of courfe, liable to be im- 
pregnated with exhalations from every fubftancc to which 
it has accefs, the great importance of perfonal, as well 
as of domeftic, clcanlinefs, is an obvious reHedion. In 
building towns or houfes, the fituation, with regard to 
air, is a capital objed. The vicinity of marlhes, of 
(lagnating waters, of manufadures of tallow, oil, fal- 
ammoniac, the fmelting or corroding of metals of every 
kind, and many other operations which contaminate the 
air, Ihould be either avoided or removed, as they are the 
pells of our fenfes, and the poifoners of our conftituti- 
ens. Kv_n in northern climates, houfes furrounded with 
trees, or in the neighbourhood of !-.:xr.riant vegetables, 
are always damp, and infetied u i :U ; and hence 

the ambient air is replete with ihc icvU^ of difeafe. Pre- 

c:;iition j 
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cautions of this kind are ftill more neeeffary in hot cli- 
mates. Air, like other menftruums, abforbs a greater or 
lefs proportion of the particles of bodies, according to its 
degree of heat. In Madrid, however, in Conftantinople, 
and in many other cities of warm regions, the houfes are 
crowded together, the ftreets are narrow, and covered 
with filth of every kind. We cannot, therefore, be fur- 
priied, that human beings exifting in fuch fituations Ihould 
be fo frequently infected with peflilential difeafes. 



CHAPTER IV. 



Of Motion. 



MOTION, in the opinion of Ariftatle, and the ad- 
mirers of antient philofophy, can only be produced 
by mind ; and hence they define mind to be the power of 
moving. By the fame mode of reafoning, it may be faid 
that rejl^ or inadivity, is the power of bei7ig moved. But 
fuch fpeculations are foreign to the nature of this work, 
^nd perhaps fruitlefs in themfelves. Though it is impof- 
fible to give an unexceptionable definition of motion, the 
phsenomenon itfelf is obvious to every man's fenfes. 

All the terreilrial objects which prefent themfelves to 
our obfervation are, with, regard to motion, diftinguifhable 
into two general clafles. The firfl: confifts of thofe which 
arc endowed with a fpontaneous, or felf-moving, power, 
and with fome qualities, and afteftions fimilar to thofe 
of our minds. The fecond confifts of all thofe objeds in 
which no fuch quaUties and affections appear, and are of 
a nature fo paffive, that they never move of themfelves, 
nor, when put in motion, do they ever flop without fome 
external influence or refiftance. The firft clafs of objeflis, 
from their pofleffing the power of fpontaneous motion, 
and other qualities peculiar to animated beings, are eafily 
diftinguiihed from body, or matter, which is totally de- 



ii6 THE PHILOSOPHY 

prived of all thefe qualities. In conlequence of its pafTive 
nature, matter not only never chanL^cs its Itate without 
external force, but refills when any fuch change is at- 
tempted to be made. When at rcit, it cannot be put in 
motion without difficulty ; and, when in motion, a cer- 
tain force is required to llop its courfe. The force with 
which matter perfeveres in its ftate, and refills any change, 
is called its vis inertia:, and is always proportional to the 
quantity of matter in any particular body. When we 
double or triple a body, we uniformly find, that the force 
requifite to move it with equal celerity muft iikewife be 
doubled or tripled. Thefe, and fimilar facts, which are 
refults of perpetual experience, fliow that body is equal- 
ly indifferent to motion and reft ; that this indifference 
feems to be the natural confequence of the moft abfolute 
inactivity ; and that the power of beginning motion is 
peculiar to aftive and intelligent beings. Leaving, there- 
fore, all metaphyfical fpeculationr. on this fubjedl, we fhall 
give fome remarks upon the motions of animals. 

In general, all the progrefTive motions of animals are 
performed by the inilrumentality of muic'es, tendons, and 
articulations. The operation of mufcles depends upon 
fome unknown influence derived to them from the brain 
and nerves. Hence the brain and nerves arc the fources 
of every motion, as well as of every fenfation. With 
regard to the caufes which determine the adions of ani- 
mals, thefe muft be referred to fenfation, and the confe« 
quent exertions of intelled. The firft imprefFion an objedt 
makes upon our fenfations ftimulates us either to approach 
or retire from it, according as it excites affeftion or aver- 
fion. Thefe motions neceffarily refult from the firft im- 
preffion made by the object. But man, and many other 
animals, have the power of refifting thefe original motives 
to action, and of remaining at reft, without either retir- 
ing or approaching. ' If a man,' lays the Count de Buf- 
fon, ' were deprived of fight, he would make no move- 

* ment to gratify his eyes. The fame thing would happen, 
' if be were deprived of any of the other fenfes ; and, if 

* deprived of every fenfe, he would remain perpetually at 
' reft, and no objed would excite him to move, though, 

'by 
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• by natural conformation, he were fully capable of mo- 

* lion.' Natural wants, as that of taking nourifhment, 
neceffarily excite defire or appetite. But, if a man be de- 
prived of fenfation, want cannot exift, becaufe all its 
fources are annihilated. This is cutting off all the caufes, 
and at the fame time looking for the eflfeds. An animal 
without fome fenfation is no animal, but a dead mafs of 
matter. Sentiment is the only ftimulus to animal motion ; 
the aptnefs of the parts produces the effed, which varies 
according to the ftrufture and deftination of thefe parts. 
The fenfe of want creates defire. Whenever an animal 
perceives an objedt fitted to fupply its wants, defire is the 
necelfary confequence, and adion or motion inftantly fuc- 
ceeds. 

Befide progreffive motion, the motion of hands, and 
other parts of animal bodies, which are all elfeded by 
means of mufcles, and are fubjed to the will of the crea- 
tures who perform them, there are other motions that have 
little or no dependence on our inclinations. Of this kind 
are the action of the heart, the circulation of the blood, 
the digeftion of food, the periftaltic motion of the bow- 
els, the progrefs of the chyle from the ftomach and intef- 
tines to the fubclavian vein, the movement of the various 
fecreted liquors, fuch as the gall, the urine, the faliva, &c. 
Thefe, together with the adion of the lungs in refpiration, 
have received the denomination of 'vital and involuntary 
motions, becaufe moft of them go on without any confci- 
ous exertions of the intelle£tual principle. If fuch a va- 
riety of nice and complicated movements had been left to 
the determination and diredion of our minds, they muft 
neceffarily have occupied too much of our attention ; and 
many of them would infallibly have been negleded during 
fleep, when confcioufnefs is often almofl totally fufpended. 
But Nature in her operations is always wife. She has 
given to man, and other animals, the diredion of no 
movements but what are eafily performed, contribute to 
pleafure and health, and enable them to acquire food cor- 
refponding to the ftrudure of their bodies and the ele- 
ments in which they live. 

It never was my intention, and, indeed, it would have 

been. 
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been foreign to the defign of this work, and ill fuitcd to 
that clafs of mankind to whom I wifti chiefly to be uJeful, 
to enter into the rationale of animal motion ; to mention 
the number, infertion, and direction, of the mufcles em- 
ployed in moving the difi'erent parts of animated bodies ; 
or to account for the modes by which animals walk, leap, 
fly,' fwim, creep, &c. Such difcuHions would not only 
require a volume, but a thorough acquaintance with all 
the depths of anatomical and mathematical knowledge. 
What follows, therefore, will confift of fome defultory ob- 
fervations ; and the fubjeft fhall be concluded by enume- 
rating a few examples of movements peculiar to certain 
animals. 

The motions of animals are proportioned to their weight 
and llrudure. A flea can leap fome hundred times its own 
length. Were an elephant, a camel, or a horfe, to leap 
in the fame proportion, their weight would crufli them to 
atoms. The fame remark is applicable to fpidcrs, worms, 
and other infeds. The foftnefs of their texture, and the 
comparative fmallnefs of their fpecific gravity, enable 
them to fall with impunity from heights that would prove 
fatal to larger and heavier animals. 

Motion gives birth, perfection, death, and reprodudion, 
to all animal and vegetable beings. It is the caufe of all 
that diverfity and change which perpetually afied every 
object in the univerfe. The globe we inhabit, as well as 
the innumerable and ftupendous heavenly bodies which 
prefent themfelves, in forms apparently minute, to our 
obfervation, conft:antly exhibit motions of the mofl in- 
conceivable rapidity. The magnitude of this earth, when 
confidered with relation to man, and other animals, ap- 
pears to be exceedingly great. It is indeed fufficiently 
fpacious, and fufficiently prolific, for the conveniency and 
maintenance of its inhabitants. The magnificent objeds 
difplayed on its furface excite the admiration of every be- 
holder. Its plains and mountains, its rivers and lakes, 
it« iflands and continents, its feas and oceans, continually 
folicit attention, gratify curiofity, and call forth the powers 
of reafon, and reflection. But, when compared to the 
other heavenly bodies the number and magnitude p{ 
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which exceed all the powers of human conception, the 
grandeur of our earth diminiflies. Inftead of exciting 
wonder, it almoft vanifhes from our fight. Inftead of an 
immenfe globe, it dwindles into a point, feems to occupy 
no fpace, and lofes itfelf in the boundlefs regions of the 
univerfe. Confiderations of this kind are apt to deprefs 
the dignity of man, and to lelTen his importance in the 
great fcale of being ; but they expand his mental facul- 
ties, and exalt his ideas concerning that inccnceivable 
Power which firft produced, and ftill fupports, thofe afto- 
nifhing orbs. 

The different movements to which animals are ftimu- 
lated by the defire of food, by love, by the appetite for 
frolic and exercife, by their hoftilities, and by other ex- 
citing caufes, give animation and vivacity to the whole 
fcene of nature. A filent and motionlefs profpeft, how- 
ever beautiful and variegated, foon ceafes to pleafe, and at 
laft becomes infupportable. Motion, fays Mr. Harris, is 
the objeft or caufe of all fenfation. In mufic we hear it ; 
in favours we tafte it ; in odours we fmell it ; in touch 
we feel it ; in light we fee it. 

Animals furnifhed with deftru£tive weapons, or en- 
dowed with uncommon ftrength, courage, or ingenuity, 
are proportionally flower in their movements than the 
weaker kinds. The fame remark is applicable to thofe 
fpecies whofe food is always at hand. Worms, caterpil- 
lars, and many other infefts, in order to procure nou- 
rifhment, are under no neceflity of taking an extenfive 
range. But, the motions of birds and fifhes are extremely 
rapid ; becaufe, in queft of food, they are obliged to pais 
through large trafts, and they have alfo many enemies to 
avoid. 

Timid animals, as the hare, the rabbit, the Guiney- 
pig, kc. are almoft perpetually in motion. Even when 
perfectly undifturbed, they are reftlefs, and betray a con- 
tinual anxiety of danger. They run about, ftop fliort, 
creft their ears, and liften. The Guiney-pig frequently 
raifes itfelf on its hind-legs, and fnuffs all around to catch 
the fcent of food when hungry, or to increafe its circle 
of hearing when afraid. 

R The 
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The movements of many animals are fo extremely flow, 
that fome of them, particularly thole of the flicll tribes, 
are generally kippofed to be deilitute of the power ot 
moving. It is a common notion, that both trefh and fait 
water mufcles have not the loco-motive faculty. But, this 
is a vulgar error. It is almolt unneccilary to mention, 
that the exterior part of mufcles confifts of two Ihells 
hinged together, which the animals can open or flmt at 
pleafurc. Every perfon mu(t likewife have obferved, in 
the (Irudure of the animal itfelf, a flelhy protuberance of 
a much redder colour, and denier confdtence, than the 
other parts of the body. This mufcular protuberance, 
which confifts of two lobes, has been denominated a 
Irunk^ or lojiguc : But it is an inftrument by which the 
creature is enabled to perform a progrefFive, though a ve- 
ry flow, motion ; and, therefore, in defcribing its manner 
of moving, I fliall call thefe two lobes the animal's Wita- 
cu/a, or feet. 

When inclined to remove from its prefent fituation, 
the river-nuifcle opens its fliell, thrufts out its tentacula, 
and, while lying on its lide in an horizontal pofition, digs 
a fmall furrow in the fand. Into this furrow, by the ope- 
ration of the fame tentacula, the animal makes the iheW 
fall, and thus brings it into a vertical pofition. We have 
now got our mufcle on end ; but how is he to proceed ? 
He llretches forward his tentacula, by which he throws 
back the fand, lengthens the furrow, and ihis fulcrum 
enables him to proceed on his journey. 

With regard to marine mufcles, their progrcllivc mo- 
tion is performed in the fame manner, and by the fame 
inftruments. When not in motion, they are all firmly 
attached to rocks, or fmall floncs, by many threads of 
about two inches in length, which ferve the double pur- 
pofes of an anchor and cable. Without this provifion of 
Nature, thefe animals muft become the fport of the waves, 
and the fpetles would foon be annihilated. But, how 
■ does the creature fpin thefe threads ? A cylindrical canal 
extends from the origin to the extremity of the tentacula. 
In this canal an extremely glutenous fubftance is fecreted, 
which the animal, bv the operation of certain mufcles, 

. h:i 
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has the power of forcing out, and of attaching it, in the 
form of ftrong threads, to ftones or other folid bodies. 
More than a hundred and fifty of thefe cables are often 
employed in mooring a fmgle mufcle*. The fubftance of 
the threads is exceedingly vifcous, indigeftible in the hu- 
man ftomach, and is probably the caufe of thofe fatal confe- 
quences which fometimes happens to inattentive eaters. 
In Scotland, thefe threads are called the beards of muf- 
cles, and fhould be carefully pulled off before the animals 
are thrown into the ftomach. 

Other bivalved fhell-fiflies, the fpecies of which are 
numerous, perform a progrelTive or retrograde motion by 
an inftrument that has no fmall refemblance to a leg and 
foot. But the animals can, at pleafure, make this leg 
alTume almoft every kind of form, according as their ex- 
igencies may require. By this leg they are not only ena- 
bled to creep, to fmk into the mud, 01 difengage them- 
felves from it, but to perform a motion, which no man 
could fuppofe fliell-fifhes were capable of performing. 
When the tellina, or limpin, is about to make a fpring, 
it puts the fliell on the point, or fummit, as if with a view 
to diminifli fri£lion. It then ftretchcs out the leg as far 
as poffible, makes it embrace a portion of the fhell, and, 
by a fudden movement, fimilar to that of a fpring let 
loofe, it ftrikes the earth with its leg, and adually leaps 
to a confiderable diftancef. 

The fpout-fifh + has a bivalved fliell, which refembles 
the handle of a razor. This animal is incapable of pro- 
greflive motion on the furface ; but it digs a hole or cell 
in the fand, fometimes two feet in depth, in which it can 
afcend and defcend at pleafure. The inftrument or leg 
by which it performs all its movements is fituated at the 
centre. This leg is flefliy, cylindrical, and pretty long. 
When neceffary, the animal can make the termination of 
the leg aflume the form of a ball. The fpout-fifh, when 
lying on the furface of the fand, and about to fink into 
it, extends its leg from the inferior end of the fliell, and 

makes 

* Oeuvres dc Bonnet, torn. 5. pag. 361. 410 edit. S. 
+ Ibid page 361. S. 

t The name of the animal in Scotland. In England it is called razor-fjli. S. 
It is the gcuus SoUn of Linnseus. 
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makes the extremity of it take on the form of a fhovcl, 
jhurji on each lide, and terminatini^ in a point. With 
this inftrumcnt the animal cuts a ht)le in the land. Alter 
the hole is made, it advances the leg Itill farther into the 
land, makes it allume the form of a hook, and with this 
hooi;, as a fulcrum, it oblijjjts the Ihell to defcend into the 
hole. In this manner the animal operates till the Ihcll to- 
tally difappears. When it chufes to regain the lurtace, it 
puts the termination of the leg into the lhape of a ball, and 
makes an effort to extend the whole leg ; but the ball pre-» 
vents inv Lirther defcent, and the mufcular effort neceffa-. 
rily pulhes the Ihell upward till it reaches the lurface or top 
of thj hole. It is amazing with what dexterity and quicki 
nels thei'j feemingly-aukward motions are performed. 

It is remarkable that the fpout-fifh, though it lives in 
fair water, abhors fait. When a little fait is thrown in- 
to the hole, the animal inltantly quits his habitation. But, 
it is (till more remarkable, that, if you feize the animal 
with your hand, and afterwards allow it to retire into its 
cell, you may Itrevv as much fait upon it as you pleafe, 
but the riffi will never again make its appearance. If you 
do not handle the animal, by applying lalt, you may make 
it come to the furface as often as you incline ; and filher- 
men often make ufe of this ftratagem. This behaviour 
indicates more fentiment and recolledion than one fliould 
naturally expcd for a fpout-fifh. 

Thefcallop, another well known bivalved fhell-fifli, has 
the power of progreiiive motion upon land, and likewife 
of iwimming on the furface of the water. When this 
animal happens to be deferted by the tide, it opens its 
fhell to the full extent, then fhuts it with a fudden jerk, by 
which it often rifes five or fix inches from the ground. In 
this nrmner it tumbles forward till it regains the water. 
W:ien the fea it. calm, troops, or little fleets, of fcallops, 
are often o'-.ferved fwimir.ln;^ on the furface. They raife 
ens valve of their fhell above the furface, which becomes 
a kind of lail, while the other remains under the water, 
and anfv/ers the purj)ofe of an anchor, by fleadyiiig the 
animal, and preventing its be.ing cverfet. When an ene- 
my approaches, they inltantiy fhut their flielis, plunge to 

the 
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the bottom, and the whole fleet difappears. By what 
means they are enabled to regain the furface, we are ftill 
ignorant. 

With regard to the loco-motive faculty of the oyfter, 
the following facts are recorded in the Journal de Phy- 
' ftqiie by the Abbe Dicquemare. Like many other bi- 
valved (hell-filVi, the oyfter has the power of fquirting out 
water with a confiderable force. By thus fuddenly and 
forcibly ejefting a quantity of water, the animal repulfes 
fuch enemies as endeavour to infmuate into its fhell while 
open. By the fame operation, if not firmly attached to 
rocks, to flones, or to one another, the oyfter retreats 
backwards, or ftarts to a fide in a lateral dire<5lion. Any 
perfon may amufe himfelf with the fquirting and motions 
of oyfters, by putting them in a plate fituated in a hori- 
zontal pofition, and which contains as much fea-water as 
is fufficient to cover them. The oyfter has been reprefent- 
ed by many authors as an animal deftitute not only of 
motion, but of every fpecies of fenfation. The Abbe 
Dicquemare, however, has fhown, that it can perform 
movements perfeclly confonant to its wants, to the dan- 
gers it apprehends, and to the enemies by which it is at- 
tacked. Inftead of being deftitute of all fenfation, oyfters 
are capable of deriving knowledge from experience. 
When removed from fituations which are conftantly co- 
vered with the fea, devoid of experience, they open their 
fhells, lofe their water, and die in a few days. But, even 
when taken from fimilar fituations, and laid down in pla- 
ces from which the fea occafionally retires, they feel the 
effects of the fun's rays, or of the cold air, or perhaps ap- 
prehend the attacks of enemies, and accordingly learn to 
keep their fhells clofe till the tide returns. Conduft 
of this kind plainly indicates both fenfation and a degree 
of intelligence. 

The progrcfTive motion of the fea-urchin, or fea-egg*, 
a well known multivalved fhell-fifh, merits our attention. 
This animal, of which there are feveral fpecies, is round, 
oval, or fhaped like a bias-bowl. The furface of the fliell 
is divided into beautiful triangular compartments, and co- 
vered 

* Th« Echinns of Linnsus. 
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vered with numbcrlcfs prickles ; from which hid circum- 
ftance it has received the appelhition fca-urcb 'tn, or /i//- 
hedge-bog. Thefe triangles are leparated by regular belts, 
and perforated by a great number oF holes. Each hole 
gives lodgement to a llefhy horn fimilar to thole of the 
lhail, and fufceptible of the fame movements. Like the 
fnail, the fea-urchin ufes its horns when in motion ; but 
their principal ufe is to fix the animal to rocks, ftones, or 
the bottom of the ocean. By means of the horns and 
prickles, which proceed from almoft every point of the^ 
Ihell, the fea-urchin is enabled to walk either on its bacly 
or on its belly. The limbs it mofl generally employs are 
ihofe which furround the mouth. But, when it choofes, 
it can move forward, by turning on itfclf like the wheel 
of a coach. Thus, the fea-urchin furniflies an example 
of an animal employing many thoufand limbs in its vari- 
ous movements. The reader may try to conceive the 
number of mufcles, of fibres, and of other apparatus, 
which are requifite to the progreflive motion of this little 
animal. 

The motion of that fpecies of medufa, or fea-nettle, 
which attaches itfclf to rocks, and to the larger fhell-fifh, 
is extremely flow. The fea-nettles alfume fuch a variety 
of figures, that it is impoflible to defcribe them under 
any determinate fliape. In general, their bodies have a 
refemblance to a truncated cone. The bafe of the cone 
is applied to the rock, or other fubftance to which they 
adhere. With regard to colour, fome of them are red, 
fome greenifii, fome whitifli, and others are brown. 
When the mouth, which is very large, is expanded, its 
margin is furrounded with a great number of flefhy fila- 
ments, or horns, fimilar to thofe of the fnail. Thefc 
horns are difpofeoi in three rows around the mouth, and 
give the animal the appearance of a flower. Through each 
of thefe horns the fea-nettle fquirts water, like fo many 
jets-d'cau. What is peculiar in the ft:rudure of thefe 
creatures, the whole interior part of their body, or cone, 
is one cavity, or flomach. When fearching for food, 
they extend their filaments, and entangle any fmall ani- 
mals they encounter. When they meet with their prey. 
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they inftantly fwallow it, and fhut their mouths clofe like 
a purfe. Though the animal fhould not exceed an inch, 
or an inch and an half, in diameter, as it is all mouth and 
ftomach, it fwallows large whelks and mufcles. Thefc 
fhell-animals fomctimes remain many days in the flomach 
before they are ejeded. Their nutrifying parts are at laft, 
however, extra£led ; but how does the fea-nettle get quit 
of the fhell ? The creature has no other aperture in its 
body but the mouth, and this mouth is the inftrument by 
which it both receives nourifhment, and difcharges the 
excrement, or unprofitable part of its food. When the 
fhell is not too large, the fea-nettle has the power of turn- 
ing its infide out, and by this flrange manceuvre the fhell 
is thrown out of the body, and the animal refumes its 
former flate. But, when the fhell prefents itfelf in a wrong 
pofition, the animal cannot difcharge it in the ufual man- 
ner ; but, what is extremely fmgular, near the bafe of the 
cone, the body of the creature fplits, as if a large wound 
had been made with a knife, and through this gafh the 
fhell of the mufcle, or other fhell, is ejeded. 

With regard to the progrefTive motion of the fea-nettle, 
it is as flow as the hour-hand of a clock. The whole ex- 
ternal part of its body is furnifhed with numerous mufcles. 
Thefe mufcles are tubular, and filled with a fluid, which 
makes them pi ojeft in the form of prickles. By the in- 
flrumentality of thefe mufcles, the animal is enabled to 
perform the very flow motion juft now mentioned. But 
this is not the only means by which the fea-nettle is ca- 
pable of moving. When it pleafes, it can loofen the bafe 
of the cone by which it is attached to the rock, reverfe 
its body, and employ the filaments round its mouth as fo 
many limbs. Still, however, its movements are imper- 
ceptibly flow. For thefe fads, feveral authors might be 
quoted ; but we fhall refer the reader folely to M. dc 
Bonnet *. 

Before we conclude this chapter, we fhall jufl mention 
a mode of flying which is peculiar to certain infects. 
The mafon-bee, which is one of the folitary fpecies, has 
received that appellatiop, becaufe it conftrufts a neft with 

mud, 

* Oeuvrcs de Bonnet, 4to edit, torn. 5. pag, 345. 
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mud, or mortar. Externally, this nefl has no regular ap- 
pearance ; and is, therefore, generally regarded as a piece 
o^' dirt accidentally adhering to a wall. This habitation, 
however unfeeraly in its exterior afpccl, is furnifhed with 
regular cells, and often gives rife to great conflids. When 
the real proprietor is abroad in quelt of materials to finifh 
the nefl, a Itranger takes poifeflion. At meeting, a battle 
always enfues. This battle is fouj;ht in the air. Some- 
times they tiy with fuch rapidity and force againfl each 
other, that both parties fall to the ground. But, in ge- 
neral, like birds of prey, the one endeavours to rife above 
the other, and to give a downward blow. To avoid the 
ftroke, the undermoft, inftead of flying forward, or late- 
rally, is frequently obfcrved to fly backward. This retro- 
grade flight is likewife performed occafionally by the com- 
mon houfe-fly, and fome other infers, though we are un- 
able to perceive what ftimulates them to perform this un- 
common movement. 



CHAPTER V. 

0/ the InJlM of Animals — Divifion of Injlinds — Examples 
of Pt/re JnJiinB — Of fuch Ifi/lint^s as can accommodate 
ihcmfelves to peculiar circumjiances and fituations — Of 
h\]lin6is improveable by obfcrvation and experience — Some 
re 'Harks and conclufons from this niew of Inflincl. 

MANY theories have been invented with a view to 
explain the inftinctive acHons of animals ; but none 
of them have received the general approbation of Philo- 
fophers. This want of fuccefs in the inveftigation of a 
fubjed fo curious and fo intcrefting, mufl be owing to the' 
operation of fome powerful caufes. Two of thcfc caufes 
appear to be, a want of attention to the general oeconomy 
and manners of animals, and miflaken notions concern- 
ing 
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in^ the dignity of human nature. From pcrufing the 
compofiiions of moft authors who have written upoi) ani- 
mal inPiind, it is evident, that they have chiefly derived 
their ideas, not from the various mental qualities difcover- 
uble in different fpecies of animals, but from the feelings 
and propenfities of their own minds. Some of tho-n. ?x 
the fame time, are fo averfe to allow brutes a participation 
of that intelled which man polTelfes in fuch an eminent 
degree, that they confider every animal action to be the 
refult of pure mechanifm. But -the great fource of error 
on this fubjed is, the uniform attempt to diflinguifh in- 
Ihinclive from rational motives. I Ihall, however, endea- 
vour to (how that no fuch diftindion exifts, and that the 
reafoning faculty itfelf is a neceifary refult of inftinct. 

The proper method of inveftigating fubjeccs of this 
kind, is to colled and arrange the fa6ts which have been 
difcovered, and to confider whether thefe fads lead to 
any general conclufions. This method I have adopted ; 
^nd fhail therefore exhibit examples of pure inuinds ; 
of fuch inftinds as can accommodate themfelves to peculiar 
circumftances and fituations ; and of inftinds improve- 
able by obfervation and experience. In the laft place, I 
fliall draw fome conclufions. 

I. Of Pure Infunas. 

By pure inftinds, I mean thofe, v/hich, independent of 
all inftrudion and experience, inftr.ntaneouily produce 
certain adions when particular objeds are prefented to 
animals, or when they are influenced by pecuHar feelings. 
Of this clafs the following are examples. 

In the human fpecies, the inftind of fucking is exerted 
immediately after birth. This inftind is not excited by 
anv fmell peculiar to the mother, to milk, or to any^otheu 
fubftance 5 for infants fuck indifcriminately every thing_ 
brought into contad with their mouths. The defirc ot 
fucking, therefore, is innate, and coeval with the appe- 
tite for air. 

The voiding of urine and excrement, fneezing, re- 
tradion of the mufcles upon the application of any pain- 

S ful 

1 
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ful ftimulus, the moving of the eye-lids, and other parts 
of the body, are likcvvife cU'cds of original inllinds, and 
clTential to the exiikence of young animals. 

The love of light is exhibited by infants at a very early 
period. I have remarked evident fymptoms of this attach- 
ment on the third day after birth. When children are 
farther advanced, marks of the various palhons gradually 
appear. The paillon of fear is difcoverable at the age of 
two months. It is called forth by approaching the hand 
to the child's eve, and by any fudden motion or unuiual 
noiie. 1 once inltituted a courfe of experiments to afcertain 
the periods when the various paflions, principles, or pro- 
penfities, of the human mind are unfolded, and to mark 
the caufes which hril produced them. But, in lefs than 
five months after the birth of the child, the bufmefs 
became too complicated and extenfive for the time I had 
to bellow on fubjec^s of this nature. 

The brute creation affords innumerable examples of 
pure inftindts. 

When caterpillars are fhaken off a tree in every direc- 
tion, all of them inftantly turn toward the trunk, and 
climb up, though they had never formerly been on the 
furface of tlie ground. 

Young birds open their mouths upon hearing any kind 
of noifc, as well as that of their mother's voice. They 
have no apprehenfions of harm ; neither do they offer to 
ufe their wings till they acquire more ftrength and expe- 
rience. The lion's cub is not ferocious till he feels force 
and activity for deftruclion. 

Infects invariably depofit their eggs in fituations mofl 
favourable for hatching and affording nourifhment to 
their future progeny. Butterflies, and other infefts, whofe 
offspring feed upon vegetables, uniformly fix their eggs 
upon fuch plants as arc mod agreeable to the palate and 
conftitution of their young. Water infects never depo- 
fit their eggs on dry ground. I have feen butterflies which 
had been transformed in the houfe, exhibit marks of 
the greatefl uneafmefs becaufe they could not find a pro- 
per nidus for their eggs ; and, when every other refourcc 
failed, they pafted the eggs on the panes of the window. 

Some 
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Some fpecies of animals look not to future wants. 
Others, as the bee and the beaver, are endowed with an 
inftind; which has the appearance of forefight. They 
conftru£i: magazines, and fill them with provifions. 

The common bees attend the female, or queen, do her 
many iittle fervices, and even feed her with honey from 
their trunks*. When deprived of the female, all their la- 
bours ceafe |, till a new one is obtained, whom they treat 
with much refpedl, and renew their ufual operations §. 
They make cells of three different dimenfions, for holding 
workers, drones, and females ; and the queen-bee, in 
depofiting her eggs, diftinguifhes the three different kinds, 
and never puts a royal or a drone egg into the cells defin- 
ed for the reception of the working bees. What is equal- 
ly fmgular, the number of thefe ceils is proportioned to 
that of the different bees to be produced. One royal cell 
weighs as much as one hundred of the common kind ||. 
When there are feveral females in a hive, the bees work 
little till they have deflroyed all the females but one. If 
more than a fmgle female were allowed to remain in a 
hive, a greater number of eggs would be laid than the 
working bees are able to make cells for receiving them. 

The wood-piercing bee, which is one of the folitary 
fpecies, gnaws, with amazing dexterity and perfeverance, 
a large hole in old timber. After laying her eggs in the 
cells, {he depofits fuch a quantity of glutinous matter as 
nourifties the worms produced from thefe eggs till the time 
of their transformation into flies. She then partes up 
the mouth of the hole, and leaves her future offspring to 
the provifion flie has made for them. 

The bees of that fpecies which build cylindrical nefts 
with rofe-leaves, exhibit a very peculiar inftinct. They 
firft dig a cylindrical hole in the earth. When that ope- 
ration is finifhed, they go in queft of rofe-bufhes ; and, 
after feleding leaves proper for their purpofe, they cut 
oblong, curved, and even round pieces, exadly fuited to 
form the different parts of the cylinder^. 

The 



* Reaumur, lemo edit. vol. 9. pag. 500. S. 
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li Ibid. torn. 11. pag. 138. S. 
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The folifary wafp digs holes in the fnml. In each hole 
fhe depofifs an e;*^ But how is th.c worm, after ir is 
Ir ^--hed to be nourifhed ? Here the inllinct of the mother 
.nii(jn. Thouj^h (lie feeds not upon flefh her* 
ft , ... certainly knows not thnt an animal is to proceed 
fr^r^ The eerr, and f-^r K'fs that this animal mull be noti- 
nith other animals, fhe collects ten or twelve f;; i!I 
orms, which Ihe piles one above another, u;lis 
t' ^ .p in a ci'-cular form, and fixes them in the hole in 
fvc.i amvuper that thev cannot move. "When the wafp- 
Vorr-- ' ^ hatched, it is amply ftored with the food Nature 
Ji'T* (ie^lin for its fupport. The green worms are devour- 
e. "ion* ; r;nd the number depofited is exactly 

pi ,; ; . ^ /^ a to the time neceffary for the growth and 
transformation of the wafp-worm into a fly, when it if- 
fues f. ">t"n the hole, aiid is capable of procuring its own 
no'.'rif iT. -nt \, 

'lere lire many other inftances of ichneumon wafps 
and Hie-, which, though they feed not themfelves upon 
V. o'-ms, lay up provifions of thefe animals for the nou- 
ri'' ' nt of their young ; and each kind is adapted to the 
coiiii'u'ulion of the worm that is to proceed from their 

!s of the fame fpecies, unlefs when reftraincd by 
i-cci'.liar circufnitanres, uniformly build their nelb; of the 
fame maceriils, an :i in the fame form and lituation, though 
they iiihabit vefy different climates. "When removed by 
neceility frtyni their eggs, they haflen back to them with 
anxiety. They turn and Ihift their eggs, which has the 
effect of heating them equally. Ducks and geefe cover 
wn their e<:gs till thev return to the neft. A hen fits with 
eq-iTnl ardf.ur upon eggs of a ditfejent fpecies, or even 
i.p . artificial 6ggs. I have often contemplated v/ith 
w^Ti.i-rr an inftincl: of the fwallow. When her offspririL; 
?.re ver»- younc^, like other Ihiall birds, fhe carries their 
excrements out of the neft. But, after they are older, 
(lie attaches herfelf to the fide of the neit, and, by fome 
gcPriires and founds, folicits the vouiig to void their ex- 
crements : 

' R ^'—ur, ton'.. j2. psg. i8. S. t Ibid. p-g. c:,— 3?. S. 

' 1 ' c, loin. 11. pag. S. 
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crements : One of them immediately turns round, ele- 
vates its hind parts above the edge of the nefl-, mak«s 
the proper effort, and the mother, before the dung is 
half protruded from the anus, lays hold of it with her 
bill, drags it out, carries it off, and drops it at a diflance 
from the nelt. In all thefe operations, men recognife the 
intentions of Nature ; but they are hid from the animals 
who perform them. 

The fpider, the dermeftes, and many infe£ls of fhe 
beetle kind, exhibit an initindl of a very uncommon na- 
ture. When put in terror by a touch of the finger, the 
fpider rims off with great fwiftnefs : But, if he finds, 
that, whatever diredion he takes, he is oppofed by ano- 
ther finger, he then feems to defpair of being able to 
efcape, contrads his limbs and body, lies perfeftly mo- 
tionlefs, and counterfeits every fymptom of death. In 
this fituation I have pierced fpiders with pins, and torn 
them to pieces, without their difcovering the fmalieft 
mark of pain. This fimulation of death has been afcri- 
bed to a ftrong convulfion, or ftupor, occafioned by 
terror. But this folution of the phjEnomenon is errone- 
ous. I have repeatedly tried the experiment, and uni- 
formly found, that, if the objed of terror be removed, 
in a few feconds the animal runs off with great rapidity. 
Some beetles, when counterfeiting death, fuffer themfelves 
to be gradually roafled, without moving a fmgle joint. 

It is unneceiTary to give more examples of pure in- 
ftinds. I fhall therefore proceed to the fecond clafs, 
namely, 

II. Of JnJiinSls ivhich can accommodate themfelves to pecu- 
liar circumftances and fttuations. 

To this clafs many human inftinfts may ' be referred. 
But, as thefe inftindive propenfities are likewife highly 
improveable by experience and obfervation, examples of 
them will fall more naturally to be given under the third 
clafs. 

Thofe animals are moft perfeft whofe fphere of know- 
ledge extends to the greateft number of objeds. When 

interrupted 
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interrupted in their operations, they know how to rcAimc 
their labours, and to accoinplilh their purpolcs, by diflcr- 
ent means. Some animals have no other power but thai 
of contracting or extending their bodies. But the f.iicon, 
the dog, and the fox, purfue their prey with intiHi";<. nee 
and addrefs. 

The ollrich has been accufed of unnaturahici I), c.iuic' 
flie leaves her eggs to be hatched by tiie heat of the fun. 
In Senegal, where the heat is great, Ihe negleds her eggs 
during the day, but fits upon them in the night. At 
the Cape of Good-Hope, however, where the degree of 
heat is lefs, the oftrich, like other birds, fits upon her 
eggs both day and night. 

Rabbits dig holes in the ground for warmth and pro- 
teftion. But, after continuing long in a domcllic Ihite, 
that refource being unneccfl'ary, they fcldom employ 
this art 

Bees, when they have not room enough for their ope- 
rations, augment the depth of their honey-cells f. The 
female bee, when the cells are not fufHciently numerous 
to receive her eggs, lays two or three in each cell. But, 
a few days after, when the cells are increafed, the working 
bees remove all the fupernumerary eggs, and depofit them 
in the new conftrufted cells \. 

When a wafp, in attempting to tranfport a dead com- 
panion from the neft, finds the load too heavy, he cuts 
oli its head, and carries it out in two portions §. 

In countries infefted with monkeys, many birds, which, 
in other climates, build in bufhes and the clefts of trees, 
fufpend their nefls upon flender twigs, and, by this inge- 
nious device, elude the rapacity of their enemies. 

The nymphs of water-moths, commonly called cod-bait^ 
cover themfelves, by means of gluten, with pieces of 
wood, fbraw, fmall fhelis, or gravel. It is neceflary that 
they fliould always be nearly in equilibrium with the 
water in which they live. To accomplilh this purpofc, 
when their habitations are too heavy, they add a piece of 
wood, when too light, a bit of gravel ||. i u a 



* Gazette Liter, toiii. 3. pag. 128. S. f Reaumur, torn. 10. pag. 29. 8. 
r i.l. pjg. 240. S. ^ \h\<i. 10m. II. pag. 241. S. 

* h'.r.atXt torn. 4. p?g. 209. Reaumur, torn. 5. pag. 215. S. 
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I had a cat that frequented a clofet, the door of which 
was faltened by a common iron latch. A window was 
fituated near the door. When the door was (hut, the 
cat gave herfelf no uneafmefs. As foon as fhe tired of 
her confinement, fhe mounted on the fole of the window, 
and with her paw dexteroufly lifted the latch and came 
out. This practice (lie continued for years. 

Thefe examples, I hope, are fufficient. 

III. The third clafs comprehends all thofe Injlinds which are 
improve able by experience and obfervation. '^^ 

The fuperiority of man over the other animals feems 
to depend chiefly on the great number of inftinfts with 
which his mind is endowed. Traces of every inftindl he 
polTeffes are difcoverable in the brute creation. But no 
particular fpecies enjoys the whole. On the contrary, 
mofl animals are limited to a fmall number. This appears 
to be the reafon why the inftinfts of brutes are ftronger, 
and more fteady in their operation, than thofe of man. 
A being a6luated by a great variety of motives mud ne- 
ceflarily reafon, or, in other words, hefitate in his choice. 
Its conduct, therefore, muft often waver ; and he will 
have the appearance of being inferior to another creature 
who is ftimulated to adion by a fmaller number of mo- 
tives. Man, accordingly, has been confidered as the moft 
vacillant and inconfiftent of all animals. The remark is 
juft ; but, inftead of a cenfure, it is an encomium on the 
fpecies. The adions of a dog, or a monkey, for the fame 
reafon, are more various, whimfical, and uncertain, than 
thofe of a flieep or a cow. 

Moft human inftincls receive improvement from expe- 
rience and obfervation, and are capable of a thoufand 
modifications. This is another fource of man's fuperio- 
rity over the brutes. When we are ftimulated by a par- 
ticular inftindt, inftead of inftantly obeying the impulfe, 
another inftind arifes in oppofition, creates hefitation, 
and often totally extinguiflies the original motive to ac- 
tion. The inftind of fear is daily counteraded by am- 
bition or refentmeut j and, in fome minds, fear is too 

powerful 
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powerful ror rcfcntmciit, or r.ny other inftiriLL \\c j)oflVrs'. 
The inltind of anijer is often rcftrained by the appreht ii- 
fion of danger, by the lenfe of propriety, by contempt, 
and even by compaflion. Sympathy, which is one of our 
moft amiable inllinds, frequently yields to anger, ambi- 
tion, and other motives. The inilind or fenfe of ni'irality 
is too often thwarted by ambition, refentment, love, fear, 
and feveral of what I call modified or compounded in- 
ftincts, fuch as avarice, envy, &c. 

The followincj are examples of modified, compounded, 
or extended initinds. 

Superftition is the inflind of fear extended to imagi- 
nary objeds of terror. 

Devotion is an extcnfion of the inflind of love to the 
Firfl Caufe, or Author of the Univerfe. 

Reverence or refped for eminent charaders is a fpecies 
of devotion. 

Avarice is the inflind of love direded to an improper 
objcd. 

Hope is the inflind of love direded to future good. 
Envy is compounded of love, avarice, ambition, and f ear. 
Benevolence is the inflind of love diffufed over all ani- 
mated beings. 

Sympathy is the inflind of fear transferred to another 
perfon, and relleded back upon ourfelves. 

In this manner, all the modified, compounded, or ex- 
tended pallions and propenfities ot the human mind, may 
be traced back to their original inflinds. 

The inftinc^s of brutes are likewife improved by ob- 
fervaiion and experience. A young dog, like a child, 
requires both time and art to unfold and perfed his na- 
tural inflinds. If neglected by man, he learns from his 
companions how to ad in particular fituations : But, when 
he enjoys both thefe fources of information, his talents 
are improved to a degree that often excites our aflonifli, 
mcnt. The fame remark applies to all docile animals, as 
the elephant, the horfe, the camel, 6cc. Kvery man's rc- 
colledion will fupply him with many examples of the 
improveable talents of brutes i and, therefore, it is un- 
ncceflarv to be more ( vplicit. 

Having 
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Having exhibited inftances of pure inftinct, of inftincls 
which accommodate themfeives to peculiar circumftances 
and fituations, and of inftimSts improveable by obfervation 
and experience, I fliall now hazard a few remarks. 

From the examples I have given, it appears that inftinci 
is an original quality of mind, which, in many animals, 
may be improved, modified, and extended, by experience ; 
that fome inftincts are coeval with birth ; and that others, 
as fear, anger, the principle of imitation, and the power 
of reafoning, or balancing motives, are gradually unfold- 
ed, according to the exigencies of the animal. One of 
the ftrongeft inftinds appears not till near the age of puber- 
ty ; but, by bad example, and improper fituations, this in • 
ftinftive defire is often prematurely excited. The minds 
of brutes, as well as thofe of men, have original quali- 
ties, deftined for the prefervation of the individual, and 
the continuation of the fpecies. The calling forth of 
thefe qualities is not inftindt, but the exertion or energy 
of inftind. Inftin£ts exift before they act. What man 
or brutes learn by experience, though this experience be 
founded on inftinct, cannot with propriety be called in- 
ftin6tive knowledge, but knowledge derived from expe- 
rience and obfervation. Inftin£t fliould be limited to fuch 
aftions as every individual of a fpecies exerts without the 
aid either of experience or imitation. Hence inftind may 
be defined, ' Every original quality of mind which pro- 
' duces particular feelings or actions, when the proper 
* objects are prefented to /it.' Thefe qualities or inftinds 
vary in particular fpecies. Some are endowed v/ith. many, 
and others with few. In fome they are ftronger, in others 
weaker ; and their ftrength or weaknefs feems to be ex- 
actly proportioned to their number. The difference of 
talents among men who have had the fame culture, arifes 
from a bluntnefs, or abfolute deprivation, of fome origi- 
nator modified inftinds. Tafte, or love of particular ob- 
jects, whether animated, inanimated, or artificial, is in 
fome men fo obtufe, that we often fay it is entirely want- 
ing. Infeds have fewer inftindts than men or quadrupeds ; 
but the exertions of infeds are fo uniform and fteady, 
that they excite the admiration of every beholder. 

T Senfation 
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Senfation implies a fenticnt principle, or mind. What- 
ever feels, therefore, is miiul. Of courfe, the lowefl: fpc- 
cies of animals are endowed with mind : But, the minds 
of animals have very different powers ; and thele powers 
are exprtfled by peculiar adions. The itruclure ot their 
bodies is uniformly adapted to the powers of their minds. 
We never fee a mature animal attempting adions which 
Nature has not enabled it to perform, by bellowing on it 
proper inltruments. A bee colleds the materials of h('»ney 
and wax, but attempts not to gnaw rotten wood, likt the 
wafp. — Neither does peculiarity of ftrudure prompt the 
aftions of brutes. Calves pulh with their heads lor.^ he- 
fore their horns aie grown. This, and fimilar examples, 
fliow, that the inltinds of brutes exifl previous to ihe ex- 
panfion of thofc inftruments which Nature intended they 
ihould employ. 

This view of inftincl is fimple, removes every ohiection 
to the exiltcnce of mind in brutes, and unfokis all their 
actions, by referring them to motives perfectly limilar to 
thofc by which man is aduated. There is, perhaps, a 
greater difference between the mental powers of fome ani- 
mals than between thofe of man and the mofl fagacious 
brutes. Inllinds may be confidered as fo many internal 
fenfes, of which fome animals have a greater, and othersi 
a fmaller number. Thefe fenfes, in different fpecics, are 
likewife more or lefs ductile ; and the animals poffcfling 
them are, of courfe, more or lefs fufccptible of improv- 
ing, and of acquiring knowledge. ^ 

The notion that animals are machines, is perhaps too 
abfurd to merit refutation. Though no animal is endow- 
ed with mental powers equal to thofe of man, yet there 
is not a faculty of the human mind, but evident marks 
of its exiftence are to be found in particular animals. 
Senfes, memory, imagination, the principle of imitation, 
curiofity, cunning, ingenuity, devotion, or refpect for fu- 
periors, gratitude, are all difcoverable in the brute crea- 
tion. Neither is art denied to them. They build in vari- 
ous ftiles ; they dig ; they wage war j they extract pecu- 
liar fubffanccs from water, from plants, from the earth ; 
they modulate their voices fo as to communicate their 

wants, 
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wants, their fentiments, their pleafures and pains, their 
apprchcnfions of danger, and their profpects of future 
good. Every fpecies has its own language, which is per* 
feftly underftood by the individuals. They a(k and give 
affiftance to each other. They fpeak of their neceffities ; 
and this branch of their language is more or lefs extended, 
in proportion to the number of their wants. Geftures 
and inarticulate founds are the figns of their thoughts. 
It is necefl'ary that the fame fentiments fhould produce the 
fame founds and the fame movements ; and, confequent- 
ly, each individual of a fpecies muft have the fame orga- 
nization. Birds and quadrupeds, accordingly, are inca- 
pable of holding difcourfe to each other, or communicat- 
ing the ideas and feelings they polTefs in common. The 
language of gelhire prepares for that of articulation ; and 
fome animals are capable of acquiring a knowledge of ar- 
ticulate founds. They firft judge of our thoughts by our 
geftures ; and afterwards acquire the habit of connecting 
thefe thoughts with the language in which we exprefs 
them. It is in this manner that the elephant and the dog 
learn to obey the commands of their mailers. 

Infants are exactly in the fame condition with brutes. 
They underfland fome of our geftures and words long 
before they can articulate. They difcover their wants by 
geftures and inarticulate founds, the meaning of which 
the nurfe learns by experience. Different infants have 
different modes of expreiTmg their wants. This is the 
reafon why nurfes know the intentions of infants, though 
they are perfectly unintelligible to ftrangers. When an 
infant, accordingly, is transferred from one nurfe to ano- 
ther, the former inftrudts the latter in the geftures and 
inarticulate language of the child. 

The idea of a machine implies a feleft combination of 
the common properties of matter. The regularity of its 
movements is a proof that they are totally diftind from 
animal or fpontaneous motion. A machine has nothing 
analogous to fenfation, which is the loweft charaderiftic 
of an animal. An animated machine, therefore, is an 
abfurd abufe of terms. It confounds what Nature has 
diftinguillied in the moft unambiguous nvmner. The in- 
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ftinc>s of bnites, are, in general, ftront^er, and lefs fub- 
jec^: to reftraint, than thofe o( man. The reafon is plain : 
Thev have not an equal number of inftinds to curb, 
counterbrilancc, or moderate their motives to particular 
afticns. Hence thev have often the appearance of attinjr 
by mere impulfe ; and this circvmiltauce has led fome 
philofophers to confider brutes as machines. But they 
refled not that children, favages, and ignorant men, att 
nearly in the fame manner. It is focietv and culture 
which foften and moderate the palVions and adions of 
men, as well as of thofe of docile animals. 

Brutes, hke men, learn to fee objeds in their pro]-)er 
pofition, to judge of diftances and heights, and of hurt- 
ful, pleafureable, or indifferent bodies. Without fonie 
portion of reafon, therefore, they could never acquire 
the faculty of making a proper ufe of their fenfes. A 
dog, though preffed with hunger, will not feize a piece 
of meat in prefence of his mailer, unlefs it be given to 
him : But, with his eyes, his movements, and his voice, 
.he makes the moft humble and expreflive petition. If 
ihis balancing of motives be not reafoning, 1 know not 
by what other name it can be called. 

Animals, recently after birth, know not how to avoid 
dunger. Neither can they make a proper ufe of their 
members. But experience foon teaches them what is 
pleafant and what is painful, what objeds are hurtful and 
what falutary. A young cat, or a dog, who has had no 
experience of leaping from a height, will, without hefi- 
tatioi\ precipitate itfclf from the top of a high wall. 
But, after perceiving that certain heights are hurtful, and 
others inoffenfive, the animal learns to make the diltinc- 
tion, and never afterwards can be prevailed upon to leap 
fiom a height which it knows will be produdiveof pain. 

Young animals examine every objed they meet with. 
In this inveftigation they employ all their organs. The 
firft periods of their life are dedicated to ftudy. "When 
they run about, and make frolickfome gambols, it is Na- 
ture fporting with them for their inltrutHon. In this 
manner they improve their faculties and organs, and ac- 
quire an imimaie knowledge of the objeds -which fur- 
round 
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round them. Men who, from peculiar circumftances, 
have been prevented from mingling with companions, 
and engaging in the different amufements and exercifes 
of youth, are always awkward in their movements, can- 
not ufe their organs with eafe or dexterity, and often con- 
tinue, during life, ignorant of the mod common objeds. 

From the above fafts and reafoning, it feems to be 
apparent, that inftindts are original qualities of mind ; that 
every animal is poffeffed of fome of thefe qualities ; that 
the intelligence and refources of animals a re proportioned 
to the number of inflinfts with which their minds are 
endowed ; that all animals are, in fome meafure, rational 
beings ; and that the dignity and fuperiority of the human 
intelled: are neceffary refults, not of the conformation of 
our bodies, but of the great variety of inftinds which 
Nature has been pleafed to confer on the fpecies. 



CHAPTER VI. 



Of the Senfes^ 

NO animal of which we have any knowledge is endow- 
ed with more than the five external fenfes of fmell- 
ing, tafting, hearing, touch, and feeing ; and no animal, 
however imperfect, is deftitute of the whole. Without 
organs of fenfation, in a fmaller or greater number, 
animal or intelledual exiftence is to us an inconceivable 
idea. Hence the notion of the ancients, and of a very 
few moderns, that this earth, as well as all the heavenly 
bodies, are intelligent beings, though they have not the 
veftige of any inltrument of fenfation, or of any thing 
analogous to our ideas of animation, except mechanical 
motion, is too abfurd even to be ferioufly mentioned. 

Upon this interefting fubje£l, as it comprehends every 
fource of information, and every motive to adion in man, 

as 
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as well as in the inferior animals, it is not furprifmg that 
fo much has been written, and that fo many ilillcrent theo- 
ries liave been invented, and lubmitred lo jniblic inlpccli- 
on. Some of thefe theories (hall be taken notice oi in 
a currorv manner, and others, as unworthy of attention, 
fhall be palled over in filence. 

Our obfervations on the dilVerent inflruments of feiifa- 
tion lliall proceed in the following order, namely, of the 
fenles of AneUing, of tailing, of hearing, of touch, and 
of feeing. In general, it may be remarked, that all 
fenfation is conveyed to the mind by an unknown inilu- 
encc of the nerves. If the optic, olfactory, or any nerve 
dirtributed over an organ of fenfation, be cut, or rendered 
paralytic, the animal inrtantly lofcs that particular fenle. 
This is a facl univerfally eltabliflied by experiment. But 
that the nerves, which are perfedly fnnilar in every part 
of the body, fliould, when dilhibuted over the eye, the 
ear, the tongue, the nofc, convey to the mind feelings 
fo dilFirent, is the moll myilerious part of this fubjed. 
When M. de Bonnet tells us, that every organ of lenfc 
probably conlilts of libres fpecilieally different ; and that 
thefe fibres are particular fenfes endowed with a peculiar 
manner of acljng, corrcfponding to the perceptions they 
excite in the mind ; — he means to reafon ; but he does 
no more than give a circumlocution for the fad. 

OF S M i: L L I N G. 

In man, and many other -animals, the organ by which 
thefenfe of fmelling is conveyed to the mind has received 
the general appellation of nofc, or nrjlrils. The more im- 
mediate inftrument of this fenfation is a foft, vafcular, 
porous membrane, covered with numerous papillae, and 
is known by the name of ?iicmbrana pituitaria, or membrana 
iickncidcriana. Ihis membrane is totally covered with 
infinite ramifications and convolutions of the oUadory 
nerves. Thefe nerves are almoft naked, and expofed to 
the adion of the air which palTes through the nofe in 
performing the fundion of rtfpiration. But Nature, ever 
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attentive to the eafe and convenience of her creatures, 
has furniflied the noftrils with a number of glands, or 
fmall arteries, which fecrete a thick infipid mucus. By 
this mucus, the olfadory nerves are defended from iht 
aftion of the air, and from the painful ftimuli of < id 
odours. 

The odours perceived by fmelling are extremely varioi;s. 
Some of them convey to us the moft delightful and re- 
frefhing fenfations, and others are painful, noxious, and dif- 
gufting.' All bodies in Nature, whether folid or fluid, 
whether animated or inanimated, continually fend forth 
to the air certain effluvia or emanations from their ref- 
peftive fubftances. Thefe effluvia float in the atmofphere, 
and a6t upon the olfa£lory nerves of different animals, 
and fometimes of different individuals of the fame fpecies, 
in fuch a manner as to produce very different fenfations. 
What is pleafant to the noftrils of one animal is highly 
offenfive to thofe of another. Brute animals feledl their 
food chiefly by employing the fenfe of fmelling, and it 
feldom deceives them. They eafily dlftinguilh noxious 
from falutary food ; and they carefully avoid the one, 
and ufe the other for nourifliment. The fame thing 
happens with regard to the drink of animals. A cow, 
when it can be obtained, always repairs to the cleareft 
and frelheft ftreams ; but a horfe, from fome inftinflive 
impulie, uniformly raifes the mud with his feet, and ren- 
ders the water impure, before he drinks. 

In the feledion of food, men are greatly affifted, even 
in the moft luxurious ftate of fociety, by the fenfe of 
fmelling. By fmelling we often rejeft food as noxious, 
and will not rifle the other teft of tafting. Viftuals which 
have a putrid fmell, as equally offenfive to our noftrils as 
hurtful to our conftitutions, we avoid with abhorrence ; 
but we are allured to eat fubftances which have a grateful 
and favoury odour. The more frequent and more acute 
difcernment of brutes in the exercife of this fenfe, is 
entirely owing to their freedom, and to their ufmg natural 
productions alone. But men in fociety, bv the arts of 
cookery, by the unnatural aflfemblage of twenty ingredi- 
ents in one difli, blunt, corrupt, and deceive both their 

fenfes 
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fepfcs of fuiellino; and tafting. Were wc in the fame na- 
tural condition as the brutes, our fenfe of fmelling would 
enable us to diftinguifh, with equal certainty, noxious 
from falutary food. Brutes, as well as men, prefer par- 
ticular foods to others. This may be confidercd as a 
fpecics of luxury ; but it fhould likewife be conlidercd, 
tl;at all the articles thev ufe are either animal or vegetable 
fubflances in a natural Itate, neither converted into a thou- 
fand forms and qualities by the operation of fire and 
water, nor having their favour exalted by flimulating 
condiments. Domeflic animals are nearly in the fame 
condition with luxurious men. A pampered dog lnu{rs 
and reje(3:s many kinds of food, which, in a natural (late, 
he would devour with eagernefs. 

It is not unworthy of remark, that, in all animals, the 
organs of fmelling and of tafting are uniformly fituated 
very near each other. Here the intention of Nature is 
evident. The vicinity of thefe two fenfes forms a double 
guard in the felcdion of food. Were they placed in dif- 
tant parts of the body, they could not fo readily give 
mutual aid to one another. 

But afliflance in the choice of food is not the only ad- 
vantage that men and other animals derive from the fenfe 
of fmelling. Every body in nature, whether animal, or 
mineral, when expofcd to the air, continually fends forth 
emanations, or effluvia, of fuch extreme fubtilty, that 
no eye can perceive them. Thefe effluvia, or volatile 
particles^ dilTufe themfelves through the air, and mofl of 
them are recognifed, by the organ of fmelling, to be 
either agreeable or difagreeable. To give fome idea of 
the inconceivable minutenefs of thefe particles, and of the, 
amazing ienfibility of the noftrils of animals, the odour 
of mulk has been known to fill a large fpace for feveral 
years without lofmg any perceptible part of its weight. 
Thus, the air we breathe is perpetually impregnated with 
an infinity of different particles which itimulate the ol- 
factory nerves, and give rife to the fenfation of fmcll. 
When our fenfes are not vitiated by unnatural habits, they 
are not only faithful monitors of danger, but convey to 
us the mott exquifite pleafurcs. Even the fenfe of fmell- 
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ing is always produdtive either of pleafure or pain. The 
fragrance of a rofe, and of many other flowers, is not 
only pleafant, but gives a" refrefhing and delightful fti- 
mulus to the whole fyftem, and may be confidered as a 
fpecies of wholefome nourifhment ; while the odours pro- 
ceeding from hemlock, and from many other noxious ve- 
getable, animal, and mineral fubftances, are highly ofFen- 
five to our noftrils. Hence we are naturally compelled to 
Embrace the one clafs of fenfations and to avoid the other. 

Some animals, as the dog, the fox, the raven, &c. are 
endowed with a mod exquifite fenfe of fmcUing. A dog 
fcents various kinds of game at conliderable diftances ; 
and, if the fa€t were not confirmed by daily experience, 
it could hardly gain credit, that he can trace the odour 
of his matter's foot through all the winding ftreets of a 
populous city, if we judge from our own feelings, this 
extreme fenfibility in the nofe of a dog is to us perfeftly 
incomprehenfible. 

The fenfe of fmelling, like that of fome other fenfes, 
may be perverted or corrupted by habit. The fnuffing, 
chewing, and fmoaking tobacco, though at firft difagree- 
able, become, by the power of habit, not only pleafant, 
but almoft indifpenfible. The fame remark is applicable 
to the praftice of fwallowing ardent fpirits, the moll 
deleterious of all poifons, becaufe the moft extenfively 
employed. How the natural ftate of the nerves, and of 
the fenfations conveyed by them, fhould be fo completely 
changed, we are totally ignorant. The conftitution of 
the nerves often varies in different individuals of the fame 
fpecies. An odour which is difguftful to one man is 
highly grateful to another. I knew a gentleman who was 
in the daily habit of lighting and putting out candles, that 
he might enjoy the pleafure of their fmell. Few men, 
I fuppofe, would envy hitti. 
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O F 1 A S r I N G. 

The tongue and palate are the great inftniments of 
this lenfation. With nuich wifdom and propriety, the 
organ of tafte is fituated in fuch a manner as enal)les it to 
be a guardian to the alimentary canal, and to afli(t the 
organ of fmell in diftinguifhing falutary from noxious 
food. The tongue, like the other inflruments of fcnfa- 
tion, is amply fupplied with nerves. The terminations of 
thefe nerves appear on the furface of the tongue in the 
form of papilla:, or minute nipples, which are always 
creeled on the application of fapid or ftimulating fublhm- 
ces. This elevation and cxtenfion of the papiliai, by 
bringing larger portions of the nerves into contaft with 
the fubftances applied to the tongue, give additional 
ftrength to the fenfation, and enable us to judge with 
greater accuracy concerning their nature and qualities. 
Befide the nervous papillae, the tongue is perpetually 
moillened with faliva, a liquor which, though infipid it- 
felf, is one great caufe of all taftes. The faliva of ani- 
mals is a very powerful folvent. Every fubftance applied 
to the tongue is partially dilfolved by the faliva before 
the fenfation of tafte is excited. When the tongue is 
rendered dry by difeafe, or any other caufe, the fenfe of 
tafte is either vitiated or totally annihilated. 

In fome men, the fenfe of tafte is fo blunt, that they 
cannot diftinguifh, with any degree of accuracy, the dif- 
ferent fpecies of that fenfation. In others, whether from 
Nature or from habit, this fenfe is fo acute, that they can 
perceive the nicefl diftindions in the favour of folids and 
of liquids. 

The fenfations conveyed to the mind by tafte, like thofc 
of all the fenfes, are either agreeable, difagreeable, or in- 
different. The pleafures arifing from this fenfe are not 
only great, but highly ufeful to every animal. The fenfe 
itfelf, however, is comparatively grofs ; for, in fmelling, 
hearing, and feeing, fenfations are excited by emanations 
er^ndulations proceeding from bodies at great diftances 

from 
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from the animals who perceive them. But, in tailing, 
the object mufl: be brought into actual contact Vv ith the 
tongue before its qualities can be difcovered. How this 
proportionally grofs fenfe Ihould have been feleded, and 
figuratively applied to the general perception of every thing- 
beautiful and fublime, virhether in Nature or in art, it is 
difficult to determirte. The inquiry, however, would not 
be incurious, whether men who have an obtufe fenfe of 
tailing material fubftances are likewife deficient in the 
perception of beauty and deformity. 

Though the fenfe of tafte varies in fome individuals, 
yet, like figurative tafte, the ftandard of agreeable and 
difagreeable, of pleafant and painful, is aimoft univer- 
fally difiufed over mankind and the brute creation. Every 
horfe, and every ox, when in a natural ftate, eat and re- 
jed the fame fpecies of food. But, men in fociety, as 
well as domeftic animals, are induced by habit, by necef- 
fity, or by imitation, to acquire a tafte for many dilhes, 
and combinations of fubftances, which, before the natural 
difcriminating fenfe is perverted, would be rejected with 
difguft. 

Some individuals of the human fpecies have an averfion 
to particular kinds of food, which are generally agree- 
able. This averfion may be either original or acquired. 
I knew a child, who, from the moment he vt'as weaned, 
could never be induced to take milk of any kind. Thefe 
original averfions muft be afcribed to fome peculiar mo- 
dification in the ftru6lure of the organ, or in the difpo- 
pofition of its nerves. But, in general, difguft at parti- 
cular foods is produced by furfeits, which injure the 
ftomach, and create, in that exquifitely-irritable vifcus, 
an infuperable antipathy to receive nouriOiment which 
formerly gave it fo much uneafinefs to digeft. 

Brute animals, efpecially thofe which feed upon herb- 
age, and are not liable to be corrupted by example or 
neceflity, diftinguifli taftes with wonderful accuracy. Bv 
#the appHcation of the tongue, they inftantly perceivi 
whether any plant is falutary or noxious. To enable 
them, amidit a thoufand plants, to make this difcrimina- 

tion. 
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tion, their nervous papillae, and their tongues, arc pro- 
portionally much larger than thofe of man. 

OF H E A R I N G. 

The fenfation of hearing is conveyed to the mind by 
undulations of -air ftriking the ear, an organ of a vrry 
delicate and complex ftruclure. In man and quadr\jpcds, 
♦"he external ears are large, and provided with mufcles by 
/hich they can ercA and move them from fide to fide, 
a order to catch the undulations produced in the air by 
he vibrations of fonorous bodies, or to diftinguifh with 
greater accuracy the fpecics of found, and the nature 
and fituation of the animal or objetl from which it pro- 
ceeds. Though the human ears, like thofe of quadru- 
peds, are furnifhed with mufclcs, evidently intended for 
fimilar movements, yet, I know not for what reafon, 
there is not one man in a million who has the power of 
moving his ears. When we liflen to a feeble found, we 
are confcious of an exertion ; but that exertion, and the 
motions produced by it, are confined to the internal parts 
of the organ. 

The canals or palTages to the internal parts of the ear 
are cylindrical, fomewhat contorted, and become gradu- 
ally fmaller till they reach the membrana tympanic which 
cover;*, what is called the drum of the ear. This mem- 
brane, which is extremely fenfible, when adted upon by 
undulations of air, however excited, conveys, by means 
of a complex apparatus of bones, nerves, &c. the fen- 
fation of found to the brain or fentient principle. 

That air is the medium by which all founds are propa- 
gated, has been eftablifhed by repeated ex})eriments. 'I'he 
found of a bell, fufpended in the receiver of an air-pump, 
gradually diminifhes as the air is exhaufted, till it almoit 
entirely ceafes to be heard. On the other hand, when 
the quantity of air is increafed by a condenfer, the in- 
tenfity of the found is proportionally augmented. Mr. 
Haukfbee, in a paper publifhcd in the Philefophical Tranf- 
adions, has proved, that founds aftually produced cannot 

be 
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be tranfmitted through a vacuum^ or a fpace deprived of 
air. ' I took/ fays he, ' a ftrong receiver, armed with a 
' brafs hoop at the bottom, in which I included a bell as 

* large as it could well contain. This receiver I fcrewed 

* ftrongly down to a brafs plate with a wet leather be- 
' tween, and it was full of common air, which could 
' nowife make its efcape. Thus fecured, it was fet on 
' the pump, where it was covered with aoother large re- 
' ceiver. In this manner, the air contained between the 

* outward and inward receivers was exhaulled. Now here 
' I was fure, when the clapper fhould be made to ftrike 
' the bell, there would be adually found produced in the 
' inward receiver ; the air in which was of the fame den- 

* fity as common air, could fuffer no alteration by the 
' vacumn on its outfide, fo ftrongly was it fecured on all 

* parts. Thus, all being ready for trial, the clapper was 
"* made to ftrike the bell ; but I found that there was no 
' tranfmiflion of it through the vaciiumy though I was 
' fure there was adual found produced in the inward re- 
' ceiver.' 

To enable us to underftand the manner in which founds 
are propagated through the air, philofophers have had 
recourfe to the undulations produced by a ftone thrown 
into a pond of ftagnating water. Thefe undulations afl'ume 
the form of circular waves, which fucceftively proceed 
from the place where the ftone ftruck the water, as from 
a center, and continually dilate, and become greater and 
greater as they recede from that center, till they reach 
the banks of the water, where they either vanifti or are 
reflected. Now, as air is likewife a fluid, fimilar undu- 
lations, though to us invifible, are produced in it by the 
vibrations of fonorous bodies, and are alfo propagated 
to great diftances in fucceflive waves or rings. Thefe un- 
dulations of the air, when they come into contad with 
our organs of hearing, make fuch a tremulous impreflion 
upon them as excites in our minds the fenfation of found. 
This analogy, though not altogether perfed, is fufficient 
to illuftrate thofe invifible motions of the air by which 
founds are conveyed from one place to another, and to 

give 
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give an idea of echoes, or reliedcd undulations of that 
fluid. 

I'he celerity with which founds, or undulations ot air, 
move, has been exactly computed. All founds, whether 
acute or grave, ftrong or weak, move at the rate of 1142 
feet in a fecond of time. Hence, whenever the lightening; 
of thunder, or the fire of artillery, arc fecn, their adual 
diftances from the obferver may be eafdy afcertained by 
the vibrations ot a pendulum. This velocity, it is true, 
may be a little augmented or diminiflied by favourable 
or by contrary winds, and by heat or cold. But the 
difference, even in high winds, is fo triHing, that, for 
any ufeful purpofe, it fcarcely merits attention. 

Infants hear bluntly, becaufc the bones of their ears 
2ff foft and cartilaginous ; and, of courfe, the tremulations 
excited in them by the motions of the air arc compara- 
tively weak. Young children, accordingly, are extremely 
fond of noife. it roufcs their attention, and conveys to 
tlicra the agreeable fenfaiion of found ; but feeble founds 
are not perceived, which gives infants, Hk;; deaf perions, 
the appearance of inattention, or rather of Itupidity. 

ITic force or intenfity of found is augmented by re- 
flection from furrounding bodies. It is from this caufe 
that the human voice, or any other noife, is always 
weaker, and lefs diftinclly heard, in the open air than in 
II houfe. 

'The modifications of found are not lefs various than thofc 
of taflcs or odours. The ear is capable of diflinguifhing 
fonie hundred tones in found, and probably as many de- 
grees of ftrength in the fame tones. By combining thefe, 
jnany thoufand fimple founds, which differ cither in tone 
or in flrength, are perceived and diftinguifhed by the 
ear. A violin, 41 flute, a Krench-horn, may each of them 
give the fame tone; but the ear eafily makes the diflinc- 
tion. The immenfe variety of fenfations, arifing from 
the organs of fmelling, of tailing, and of hearing, enables 
animals to judge concerning the nature and fituation of 
external objech. By habit we learn to know the bodies 
from which particular fpccies of founds proceed. Pre- 
vious to all experience, we could not diflinguifh whether 

a found 
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a found came from the right or the left, from above or 
below, from a greater or a fmaller diftance, or whether it 
was the found of a coach, of a drum, of a bell, or of 
an animal. By catching cold, 1 once had a temporary 
deafnefs in my left ear. I was furprifed to find that I had 
loft the faculty of perceiving the fituation from which 
founds proceeded. If a dog barked on the left, I thought 
the noife came from the right. This circumftance excited 
my curiofity : But, upon recolledion, I knew that my 
left ear was deaf; and that every found I heard was per- 
ceived folely by the right ; and, confequently, I difcovered 
the caufe of the deception. 

Hearing enables us to perceive all the agreeable fenfa- 
tions conveyed to our minds by the melody and harmony 
of founds. This, to man at leaft, is a great fource of 
pleafure and of innocent amufement. But fome men are 
almoft totally deftitute of the faculty of diftinguifhing 
mufical founds, and of perceiving thofe delightful and 
diverfified feelings excited by the various combinations 
of mufical tones. Moft men derive pleafure from parti- 
cular fpecies of mufic. But, a mufical ear, in a reftrided 
fenfe, is by no means a general qualification. An ear 
for mufic, however, though not to be acquired by ftudy, 
when the faculty itfelf is wanting, may be highly impro- 
ved by habit and culture. BufFon, after examining a 
number of perfons who had no ear for mufic, fays, that 
every one of them heard w^orfe in one ear than in the 
other ; and afcribes their inability of difiiinguifhing mu- 
fical expreffion to that defed. But a mufical ear feems 
to have no dependence on acutenefs or bluntnefs of hear- 
ing, whether in one or in both ears. There are many 
examples of people who may be faid to be half deaf, and 
yet are both fond of mufic, and fkilful praditioners. An 
ear for mufic, like a genius for painting or poetry, is a 
gift of Nature, and is born with the poffelTor. 

Befide the innumerable pleafures we derive from mufic 
and agreeable founds, the extenfion and improvement of 
artificial language mufl: be confidered as obje6is of the 
greateft importance to the human race. Witliout the 
fenfe of hearing, mankind would forever have remained 

mute. 
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mute. I mention artificial, or improved, language, becaufe, 
from a thoufand obfcrvations which every pcrfon mufl 
have made, it is perfetlly apparent, that, if dcftitute of 
a natural language, neither man nor the brute creation* 
could poflibly have exilled and continued their fpccies. 
As brutes, without information or experience, are capa- 
ble of communicating to each other, by particular founds 
and geftures, their pleafures and pains, their wants and 
defires, it would be the highefl: abfurdity to fuppofc that 
the great Creator (hould have denied to man, the nobleft 
animal that inhabits this globe, the fame indifpenfiblc 
privilege. Without a bafis there can be no fabric. With- 
out a natural no artijicial language could poflibly have 
cxifted. This point is clearly demonftrated, in a few 
words, by that mod ingenious, candid, and profound 
philofophcr, Dr. Thomas Reid, Profeflfor of Moral Phi- 
lofophy in the Unlverfity of Glafgow. * If mankind,* 
fays Dr. Reid, ' had not a natural language, they could 

* never have invented an artificial one by their reafon and 

* ingenuity. For all artificial language fuppofes fomc 

* compaft or agreement to affix a certain meaning to cer- 

* tain figns ; therefore, there muH; be compads or agree- 
' ments before the ufe of artificial figns ; but there can 
' be no compact or agreement without figns, nor without 

* language ; and therefore there mufl: be a natural lan- 

* guage before any artificial language can be invented f . 
Let any man try to overturn this argument, which is 
founded, not upon metaphyjical conjcdure, but upon the 
folid bafis of fact and uncontrovertible reafoning. The 
elements, or conftituent parts of the natural language of 
mankind, the Doctor reduces to three kinds ; modulati- 
ons of the voice, gefl:ures, and features. ' By means of 

* thefe,' fays be, ' two favages, who have no common 
' artificial language, can converfe together ; can commu- 
' nicate their thoughts in fome tolerable manner ; can aflc 

* and refufe, affirm and deny, threaten and fupplicate ; 

* can traffic, enter into covenants, and plight their faith.* 

I 

* Concerning the language of beads, I (hall, pcihapa, be toon explicit in a 
future work. S. 

-f Do£lor Rcid's Inquiry into the Hunoan Mind, OD the Principles of ConoiOR 
Senfe, pag. 93. S. 
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I can perceive only one plaufible objedion to this rca- 
fonlng. If, it may be laid, man were endowed with a 
natural language, this language muft be univerfal ; from 
what fource, then, can the great diverfity of languages 
in different nations, and tribes of the human race, be 
derived ? The folution of this queftion depends not upon 
metaphyfical arguments, but upon fa£l and experience. 
I have had confiderable opportunities of obferving the 
behaviour of children. Infants, when very young, have 
nearly the fame modes of expreffmg their pjeafures and 
pains, their defires and averfions. Thefe they communi- 
cate by voice, geflure, and feature ; and every infant, 
whatever be the country, climate, or language, uniformly 
expreffes its feelings almoft in the fame manner. But, 
when they arrive at nine or twelve months of age, a 
different fcene is exhibited. They then, befide the gene- 
ral expreffions of feeling and defire, attempt to give names 
to particular objedts. Here artifice begins. Iri thefe at- 
tempts, previous to the capacity of imitating articulate 
founds, every individual infant utters different founds, 
or rather gives different names, to fignify the fame ob- 
jc(5ls of its defire or averfion. Befide this natural attempt 
towards a nomenclature, infants, during the period above 
mentioned (for the time varies according to the health 
and vivacity of the child), frequently make continued 
orations. Thefe orations confift both of articulate and 
inarticulate founds, of which no man can give an idea in 
writing. But mofi: men, and every woman who has nurfe,d 
children, will perfedtly underftimd what I cannot exprefs. 
From the fadt, that children aftually utter different founds, 
or give different names to denote the fame objects, I ima- 
gine, arifes all that diverfity of languages, which, by 
exhaufting time and attention, retard the progrefs and 
improvement both of Art and Science. If any number 
of children, or of folitary favages, fhould chance to af- 
fociate, the names of objedls would foon be fettled by 
imitation and confent. By obfervation and experience 
the number of names would be augmented, as well as the 
qualities or attributes of the objetts themfelves ; and, in 
the progrefs of time, a new and artificial language would 

X be 
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be gradually formed. While this operation is ^oing on 
in one corner of a country, twenty Innilar alVociationb 
and corapads may be forming, or already formed, in dif- 
ferent nations, or in different diftrids of the lame na- 
tion, all of which would give birth to feparate artificial 
languages. 

O F T O U C II. 

The fenfations of fmelling, tafting, hearing, and fee- 
ing, are conveyed to us by partial organs, which are all 
confined to the head. But the fenfe of touching, or of 
feeling, is not only common to thefe organs, but extends 
over almoft every part of the body, whether external or 
internal. Though every fenfatioii may be comprehended 
under the general appellation of feeling, yet what is called 
the fenfe of loucb is properly reftricled to the different 
fenfations excited by bodies applied to the fkin, and par- 
ticularly to the tips of the fingers. 

With regard to fenfation in general, it is worthy of 
remark, that the eyes, the ears, the noftrils, the tongue 
and palale, the palms of the hands, efpecially towards 
the points of the fingers, are more amply fupplied with 
nerves than any other external parts of the body, 'i'he 
terminations of the nerves on the furface of the Ikin are 
foft and pulpy, and form minute protuberances refemb- 
ling the nap of freeze-cloth, though greatly inferior in 
magnitude. Thefe protuberances have received the de- 
nomination of nervous papilla. They might be called 
animal feelers \ for they are obvioufly the immediate in- 
llruments of fenfation. If an objed be prefented to the 
eye, or any other organ of fenfation, certain feelings are 
excited, which are either agreeable or difagreeable, ac- 
cording to the real or imaginary qualities which we con- 
fidcr \s belcnging to that objed. The feelings thus 
excited \nflantly produce a change in the fenfitive organs 
by whicU they are occafioned. If the object be poffeffed 
of difagrcWible C|Ualities, averfion is the neceffary confc- 
quence. But, if beauty and utility are perceived in th^ 

object. 



OF NATURAL HISTORY. 163 

objeft, pleafant emotions fpring up in the mind, which 
naturally induce a fimilar tone or difpofition in the or- 
gans fuited for the enjoyment of thefe qualities. 

When examining or enjoying any obje£t, it is natural 
to inquire, what are the changes produced in the nervous 
papillae, or organs of fenfation ? If an object poffelTed of 
agreeable feelings is perceived, the nervous papillse in- 
ftantly extend themfelves, and, from a ftate of flaccidity, 
become comparatively rigid like briftles. This extenfion 
of the papillas is not conjectural : It is founded on anato- 
mical obfcrvation, and, in fome cafes, may be feen and 
fe!t by perfons of acute and difcerning fenfations. When 
a man in the dark inclines to examine any fubftance, in 
order to difcover its figure, or other qualities, he perceives 
a kind of rigidity at the tips of his fingers. If the fingers 
are kept long in this ftate, the rigidity of the nervous 
papillae will give him a kind of pain or anxiety, which 
it is impoffible to defcribe. The caufe of this pain is an 
ovcr-diflenfion of the papille. If a fmali infect creeps on 
a man's hand, when the papilla are flaccid, its movements 
are not perceived : But, if he happens to direct his eye to 
the animal, he immediately extends his papillie, and feels 
diftinctly all its motions. If a body be prefent, which, 
in the common ftate of the nerves, has fcarcely any fen- 
fible odour, by extending the papillse of the noftrils, an 
agreeable, difagreeable, or indifferent fmcll will be per- 
ceived. When two perfons are whifpering, and we wifti 
to know what is faid, we ftretch the papilk-e, and other 
organs of hearing, which are exceedingly complex. If a 
found is too low for making an im.prefl^ion on the papillse 
in their natural ftate of relaxation, we are apt to over- 
ftretch the organ, which produces a painful or irkfome 
feeling. When we examine a mite, or any very minute 
objedt, by the naked eye, a pain is propagated over every 
part of that organ. Several caufes may concur in produc- 
ing this pain, fuch as the dilating of the pupil, and the 
adjufting the cryftalline lens ; but the chief caufe muft 
be afcribed to the preternatural intumefcence and exten- 
fion of the papillas of the retina, the fubftance of which 
is a mere congeries ol nervous terminations. This cir- 
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cumftance confirms a former remark, that the immediate 

organs of renfation were more copiouHy fupplied with 
nervous papilla: than thofc parts whole ulcs require not 
fuch exquiiitc ienfibility ; for a diftindion in this refped 
is obfervablc even among the fcnlitive organs themfelve5>. 
They are furniflied with nerves exadly proportioned to 
the lubtility of the objeds whofe impreflions they are fitted 
to receive. The eye pofl'elTes by far the greatelt number. 
The particles of light are fo minuie, that, had not this 
wife provifion been obferved in the conlirudion of the 
eye, it could never have been able to diftinguifh objeds 
with fuch accuracy as at prelent it is capable ot perform- 
ing. When an infipid body, or a body which conveys 
but a ^ery feeble fenfation of tafle, is applied to the 
tongue, we are confcious of an eflbrt which that organ 
makes in order to difcover the quality of the body thus 
applied. This elR-rt is nothing but the flrctching of the 
nervous papilla;, that they may enlarge the field ol contact 
with the body under examination. 

The pleafure or pain produced by the fcnfe of touch 
depends chieily on the fridion, or number of impulfes, 
made upon the papilljc. Embrace any agreeable body 
with your hand, and allow it to remain perfedly at relt, 
and you will find the pleafure not half fo exquifite as 
when the hand is gently moved backward and forward 
upon the furfacc. Apply the hand to a piece of velvet, 
and it is merely agreeable : Rub the hand repeatedly on 
the furfacc of the cloth, and the pleafant feeling will be 
augmented in proportion to the number of impulfes on 
the papillae. When a man is pinched with hunger, the 
fight or idea of palatable food ralfes the whole papill^t of 
h'.:. tongue and ftomach. From this circumitance he is 
h" . illy regaled by eating. But, if he eats the fame fpecics 
oi food when his flomAch is lefs keen, the pleafure in 
the one cafe is not to be compared with what is felt in the 
oth^r. The caufe is obvious : His defire was not fo iir^- 
ent ; the objccf, of courfc, was lefs alluring; and there- 
fore he was more remifs in ereding his papillae, or in 
putting them in a tonefuited to fuch eminent gratificati%')n. 

The fame obfervations are applicable to difagreeable or 
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painful objects of contact. If the hand is laid upon a 
griuy flone, or a piece of rufly iron, the feeling is dif- 
agreeable ; but if it is frequently rubbed upon the fur- 
face of thefe bodies, the feeling becomes infufferably 
irkfome. 

It is by the fenfe of touch that men, and other animals, 
are enabled to perceive and determine many qualities of 
external bodies. By this fenfe we acquire the ideas of 
hardnefs and foftnefs, of roughnefs and fmoothnefs, of 
heat and cold, of preffure and weight, of figure, and of 
diftance. The fenfe of touch is more uniform, and liable 
to fewer deceptions, than thofe of fmelling, tafting, hear- 
ing, and feeing ; becaufe, in examining the qualities of 
objcd^s, the bodies themfelves muft be brought into aftuai 
contact with the organ, without the intervention of any 
medium, the variations of which might miflead the judg- 
ment. 

OF SEEING. 

Of all the fenfes, that of feeing is unqueftionably the 
nobleft, the moft refined, and the moft extenfive. The 
ear informs us of the exiflence of objects at comparatively 
fmall diftances ; and its information is often imperfed: 
and fallacious. But the organ of fight, which is mofi; 
admirably confiiructed, not only enables us to perceive 
thoufands of objects at one glance, together with their 
various figures, colours, and apparent pofirions, but, even 
when unarmed, to form ideas of the fun and planets, and 
of many of the fixed ftars ; and thus conneds us with 
bodies fo remote, that imagination is loll when it attempts 
to form a conception of their immenfe magnitude and 
diftances. This natural field of vifion, however great, 
has been vaftlv extended by the invention of optical in- 
ftruments. When aided by the telcfcope, the eye pene- 
trates into regions of fpace, and perceives ftars innume- 
rable, which, without the afliftance of art, would to us 
have no exiftence. Our ideas of the beauty, magnitude, 
and remotenefs or vicinity of external objedts, are chiefly 

derived 
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derived from this delicate and acute inflrument of fen- 
fation. 

Before proceeding to the peculiarities of vifion, and the 
general properties of light, we (hall give a fhnrt defcrij)- 
tion of tlie Itrudure of the eye. 

The globe of the eye is compofed of three humour ., 
called aqueous, cryjiall'tne, and vitreous ; and of the rct 'iiui, 
cximn ligament, and iris. All thefe are contained within 
the jcleroiica and cornea, or capfule of the eye. The white 
part of the cornea is opaque ; but the pupil, or ftgbt of 
the eye, through which the rays of light pafs, is tran- 
fparent. The aqueous humour is a mcni{cus, or a convex 
exteriorly, and concave internally. The cryjiallinc humour 
is doubly convex ; and its exterior convexity is embraced 
by the concave iurfice of the aqueous. The vitreous hu- 
mour is likewife a menifcus ; its concave furface embraces 
the interior convexity of the cryftalline, and its convex 
furface Is encompailed by the retina, which is a fme cx- 
panfion of the medulla! y fibres of the optic nerve fpread 
upon the convex furface of the vitreous humour, and 
covering the bottom of the eye. The ciliary ligament is 
a ring of fibres, whi' h inclofe the edges of the cryftal- 
line, and ftretch in right lines towards its center. When 
thefe fibres contract, the diltance between the retina and 
cryflalline is lengthened ; and that diflance is fhortened 
when thefe fibres are in a relaxed ftale. The 'V i i: that 
coloured circle which furrounds the pupil. 

By this curious apparatus all the pha^nomena oi vifion 
are conveyed to the mind. But, before we enter upon 
the manner in which the different parts of the eye concur 
in tranfmitting the rays of light and the images of ob- 
jects to the retina, it will be neceflary to give fome gene- 
ral ide?s concerning the nature of light, which is the 
univerfal medium of vifion. 

Light confifts of innumerable rays, which proceed in 
direct lines from every part of luminous bodies. The 
motion of light, though nor inftantancous, is inconceiv- 
ably fwift. To 'Ave fome comparative idea of its great 
velocity, it has been difcovered by philofophers, that 
rays of light coming from the fun reach this earth in 
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fcven minutes. Now, the diftance of the earth from the 
fun is i'o immenfe, that, fuppofing a cannon ball to move 
at the rate of 500 feet in a fecond, it could not come 
from the fun to the earth in lefs than 25 years. At this 
rate, the velocity of light will be above 10 million of 
times greater than that of a cannon ball. 

The rays of light, though they proceed in direft lines 
from luminous bodies, are refraded, or bent out of their 
courfe, in paffing through different mediums, as the air, 
glafs, and every tranfparent fubftances ; but, when they 
fall upon opaque bodies, they are reflected. Rays pro- 
ceeding from any object, and pafling through a convex 
glafs, or lens, are refradted and colleded into a point, or 
fmall fpace, at a certain diftance from the glais, which 
is called the foats of that lens. 

The white light conveyed to us by the fun is not ho- 
mogeneous, but confifts of feven diflferently-coloured 
rays, or what are called the pr'unary colours. Thefe dif- 
ferently-coloured rays were difcovered by Sir Ifaac New- 
ton to have different degrees of refrangibility. When 
the white light of the fun was made to pafs through a 
glafs prifm, he found, that, inftead of retaining its ori- 
ginal whitenefs, it exhibited feven diflinft colours, and 
that this phsenomenon was produced by the feveral rays 
in the compofition of white light being more or lefs re- 
fra6led, or turned from their dire£t courfe. The fimple 
primary colours are feven in number, namely, red, orange, 
yellow, green, blue, indigo, and violet. Red is the leaft, 
and violet the mofl; refrangible parts of white light. A 
proper mixture of all the feven primary colours confti- 
tutes whitenefs ; and by various combinations of the pri- 
mary colours, all the compound colours exhibited either 
in Nature or art are produced. Any furface appears black 
when it refleds little or no light. 

The different humours of the eye, and the cryflalline 
lens, are all denfer than air or water ; of courfe, their 
power of refracting the rays of light is likewife greater. 
The rays proceeding from every point of an object enter 
the pupil ; and the refradlion of the different parts of 
the eye, which ad as a lens, neceffarily makes them crofs 

each 
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each other in their palVage to the retina. After croi": , 
they diverge till they are Hopped by the retina, wlu;. 
they form an inverted piclurc. The upper part of the 
obje£l is painted on the lower part of the retina, and the 
right fide upon the left, ^cc. The celebrated Kepltr tnW 
difcovcrcd, that dilHnd, but inverted, pictures of evcr\ 
objert we behold are painted on the retina by the rays of 
light proceeding from vifible objects. This difcovery na- 
turally led Kepler, as well as many other philcfophcr. 
fmce his time, to inquire how we fliould fee objetts erett 
from inverted images on the retina. 

Many ingenious theories have been invented, and many 
volumes have been written, in order to explain this fecm- 
ingly-difficult queftion. To give even a curfory view ol 
thefe theories would not only be tedious, but in a great 
meafure ufelefs. We fliall, therefore, only remark, that 
their authors uniformly alfumed it as a principle, that, 
becaufe the piclures are inverted on the retina, the mind 
ought alio to perceive them in the iamc poiition. It is 
certain, that, unlefs diftindt images are painted on the 
retina, objects cannot be clearly perceived. If, from too 
little light, remotenefs, or any other caufe, a picture is 
indiftinctly painted on the retina, an obfcure or indiltinct 
idea of the object: is conveyed to the mind. The picture 
on the retina, therefore, is fo far the caufe of vifion, that, 
unlefs this picture be clear and well defined, our ideas of 
the figure, colour, and other qualities of any object pre- 
fented to the eye, will be obfcure and imperfect. The 
retina of the eye refembles a canvas on which objects arc 
painted. The colours of thefe pictures are bright or 
obfcure, in proportion to the di(tances of the objects re- 
prefented. When objects are very remote, their pictures 
on the retina are fo faint, that they are entirely obliterated 
by the vigorous and lively impreffions of nearer objects, 
with which we are every way furrounded. On the other 
hand, when near objects emit a feeble light only, com- 
pared with that which proceeds from a remote object, as, 
for example, when we view luminous bodies in the night, 
then very diftajit objects make diftinct picture* on the 

retina. 
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retina, and become perfeftly vifible. Hence a man, by 
placing himfcirin a dark fituation, and looking through 
a long tube, without the intervention of a glafs, may 
make a kind ot telefcope, which will have a confiderable 
efled even during the day. For the fame reafon, a man 
at the bottom of a deep pit can fee the liars at noon. 

The firfl: and greatefl; error in vifion, in the opinion of 
many authors, ariles from the inverted reprefentation of 
objeds upon the retina; and they maintain, that, till 
children learn the real pofition of bodies by the fenfe of 
feeling, they fee every objed inverted. But nevv-boru 
animals, whether of the human or brute fpecies, fee 
objects, not inverted, but in their real pofitions, inde- 
pendently of all experience, or of any opportunity of 
redlifying the fuppofed illufion by the fenfe of touch. 
Animals fee objefts in their real pofition by a law of Na- 
ture, and by the inftrumentality of the eye and optic 
nerve. Were it not a law of Nature, or of the confti- 
tution of animals, to fee objeds erect, though their ima- 
ges be inverted on the retina, an inverted objetl could 
not poflibly appear inverted ; for, in this cafe, we 
Ihould not be obliged to have recourfe to experience, or 
to the fenfe of feeling. Befides, it is an eltablifhed fact, 
that blind men, who had been reftored to fight by chirur- 
gical opeiations, inftantly law objeds in their real pofiti- 
tion *. There is no relation to the principles of optics, 
in the fenfation of feeling, by which an image, painted 
by rays of light on foft white nervous terminations, is con- 
verged through a moil opaque body, in a long courfe of 
perfect darknefs, to the brain. Indeed, the fenfe by 
which the perceiving nerves of any kind are affected, h 
not an image or idea of the objed. The idea of rednefs 
has nothing in common with the lead refrangible portions 
of light feparated from the other fix coloured rays of 
which white light is compofed. The pain of burning 
reprefents not to the mind any thing of that fwift and 
fubtle matter by which the nervous threads are broken or 
deftroyed. There is nothing in the idea of a I'liirp found, 

Y from 

* Ildllcr. Piiy'iol. lom, 2. pag. 87. S. 
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from a cord cf a certain length, which can inform tlic 
minJ that this cord vibrates 2cco tinus in a fccond *. 

Another ijucftion with regard to vifion has been much 
agitated by philofophers. Bccaufc a feparate image ot 
every object is painted on the retina of each eye, it was 
concluded, that wc naturally fee all objeds double ; that 
we learn to correct this error of vifion by the fenfe ot 
touching ; and that, if the fenfe of feeing were not con- 
ilantly rectified by that of touching, we Ihould be perpe- 
tually deceived as to the pofition, number, and fituation 
of objects. The Count de Buffon mentions the real fad, 
though he afcribes it to a wrong eaufe. ' When two 

* images,* fays he, * fall on cornfj)onJing parts of the 
' retina:, or thofc parts which are always ailcded at the 

* fame time, objecls appear fmgle, becaufe we are arci^f- 

* tomcJ to judge of them in this manner. But, when the 
' images of objects fall upon parts of the retinai which 
' are net ufually affected at the fame time, they then appear 

* double, becaufe we have not acquired the bnbit of rec- 

* tifying this unufual fenfation. Mr. Cheflelden, in his 

* anatomy, relates the cafe of a man who had been afiected 
' with a ftrabifmus, or fquinting, in confequence of a 
' blow on the head. This man faw every object double 

* for a long time : But he gradually learned to correct 
' ;his error of vifion, with regard to objects which were 
' iamiliar to him ; and, at lafl:, he faw every objed fingle 
' as formerly, though the fquinting was never removed. 
' This is a proof ftiU more direct, that we really fee all 

* objects double, and that it is by /jabit alone we learn to 
' conceive them to be finale f.' 

In this, and other paflages, the Count de Bufibn has 
pointed out the genuine caufe (or ultimate fa£t) why we 
fee objects fingle with two eyes. He tells us, that, though 
a diftinct image is painted on each retina, whenever thefe 
images are painted on correfponding points of the retina;, 
an object is perceived to be fingle. It is equally true, 
that, when one eye is diftcried by the finger, or any other 

caufe, 

* For a more ample difcudion of this poiot, fee llali:r. Phyfiol. tom. 2. 
a:.d Dr. Rwiu's Inquiry, i,, 
i BalToii, vol. 3. pag. 7. Tranflat. S. 
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caufe, in fuch a manner that the images are painted on 
points of the retinse which do not correfpond, the object 
is perceived to be double. Objedls which are much nearer, 
or much more remote, than that to which both eyes are 
directed, appear double. If a candle is placed at the 
di!tance of ten feet, and a man holds his fin'rer at arm's- 
length between his eyes and the candle, when he looks 
at the candle, he fees his finger double, and, when he 
looks at his finger, he fees the candle double. ' In this 
' phrcnomenon,' Dr. Reid properly remarks, ' it is evi- 
' dent to thofe who underftand optics, that the pictures 
' of objects which are feen double, do not fall upon points 
' of the retincC which are fimilarly fituated, but that the 
' pictures of objedis feen fingle do fall upon points fimi- 
' larly fituated. Whence we infer, that as the points of 

* the two retinrc, which are fimilarly fituated with regard 
' to the centres, do correfpond, fo thofe which are difli- 

* milarly fituated do not correfpond. It is to be obferved, 
' that although, in fuch cafes as are mentioned in the lail 
' phainomenon, we have been accuftomed from infancy 
' to fee objects double v/hich we know to be fingle ; yet 
' cuftom, and experience of the unity of the object, 
' never take away this appearance of duplicity*.' 

The fenfe of feeing, without the aid of experience, 
conveys no idea of dillance. If not affilled by the fenfe 
of touching, all objects would feem to be in contact with 
the eye itfelf. Objects appear larger or fmaller according 
as they approach or recede from the eye, or according to 
the angle they fubtend. A fly, when very near the eye, 
feems to be larger than a horfe or an ox at a diftance. 
Children can have no idea of the relative magnitude of 
objects, becaufc they have no notion of the different dif- 
tances at which they are feen. It is only after meafuring 
fpace bv extending the hand, or by tranfporting their 
bodies from one place to another, that children acquire 
juft ideas concerning the real diitances and magnitudes of 
objects. Their ideas of magnitude refult entirely from 
the angle formed by the extreme rays refledted from the 
fuperior and inferior parts of the object : Hence every 

near 

• Dr. Rcici's Inquiry, S.c. page 287. S. 
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near objefl mufl appear to be large, and every iliftant onr 
fmall. But after, by touch, havini^ acquired ideas of 
iH;^ ' • conccrniiif^ iiia[^nitiidc begins to 

be w judge lolcly by the eye, and have not 

acquired the habit of confidcring lhc fame objects to be 
cqual'y Inrge, though fecn at dillcrcnt dillances, thcncarcft 
of two men, though of equal fize, would fcem to be 
many times larger than the farthefl. J3ur we know that 
the lafl man is equally l?rge with the lirfl ; and, therefore, 
Ave judge him to be of the fame dimcnfions. Any diltiince 
ceafes to be familiar to us, when the interval is vertical, 
inftead of being horizontal ; becaufe all the experiments 
by which we ufually rcclify the errors of vifion, with 
regard to dillan^jps, are made horizontally. We have not 
the habit of judging concerning the magnitude of objects 
which are much t'levated above or funk below us. 'J'his 
is the reafon that, when viewing men from the top of a 
tower, or when looking up to a globe or a cock on the 
top of a lleeple, we think thcfe objerts much fmalier than 
v;hen feen at equal diftances in a horizontal dire(5>ion. 
During the night, on account of the darknefs, we have 
no proper idea of diflance, and, of courfe, judge of the 
;dc of objeQs folely by the largencfs of the angle 
< . . . . ;c formed in the eye, which necelfarily produces 
a varietv of deceptions. When travelling in the night, 
we are liable to miflake a bufh that is near us for a tree 
at a diflance, or a diflant tree for a bufli which is at hand. 
When benighted in a part of the country with which we 
are unacquainted, and, of courfe, unable to judge of the 
diftance and figure of obje«5ls, we are every moment liable 
to all the deceptions of vifion. This is the origin of that 
dread which fome men feel in the dark, and of thofc 
ghoCis and horrible figures which fo many people pofi- 
tively affert they have feen in the night. Such figures are 
commonly faid to exile* in imagination only; but they 
often have a real einllcnce in the eye ; for, when we have 
no other mode of recognifing nnknow n objects but by 
the angle they form in the eye, their magnitude is uni- 
formly augmented in proportion to their vicinity. If an 
objed, at the diliaace of twenty or thirty paces, appears 

to 
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to be only a few feet high, its height, when viewed within 
two or three feet of the eye, will i'eem to be many fatlioms. 
Objefts, in this fituation, mufh excite terror and aitoiiifli- 
ment in the fpeclator, till he approaches and recognifes 
them by adual feeling ; for the moment a man examines 
an obje(ft properly, the gigantic figure it aiTumed in the 
eye inftantly vaniflies, and its apparent magnitude is re- 
duced to its real dimenfions. But if, inftead of approach- 
ing an obje£l of this kind, the fpeclator flies from it, he 
retains the idea which the imrfge of it formed in his eye, 
and he may affirm with truth, that he beheld an objed 
terrible in its afpeft, and enorm.ous in' its nze. Hence 
the notion of fpectres, and of horrible figures, is founded 
in nature, and depends not folely on imagination. 

When we have no idea of the diftancc of objefts by a 
previous knowledge of the fpace between them and the 
eye, we try to judge of their magnitudes by recognifmg 
their figures. But, when their figures are not diflinguifh- 
able, we perceive thofe which are moft brilliant in colour 
to be neareft, and thofe that are mofl obfcure to be at the 
greatefl diflance. From this mode of judging many dcr 
ceptions originate. When a number of objefts are placed 
in a right line, as lamps in a long ftreet, we cannot judge 
of their proximity or remotenefs but by the different 
quantities of light they tranfmit to the eye. Of courfe, 
if the lamps neareft the eye happen to be more obfcure 
than thofe which arc more remote, the firft v;i!l appear 
to be laft, and the laft firft. 



Before I difmifs this fubjeft, I feel an irrefiftible defire 
of giving a fltort view of the Abbe' de Condillac's Traite 
des Senfations * ; a moft ingenious performance, which, 
I believe, is not very generally known in this country. 

In an advertifement prefixed to this Treatife, the faga- 
cious and learned Abbe defires his readers to abftract 
themfeives from all their preconceived opinions, and to 

imagine 

* From ihc ciiilon I7j4, in two volumes icmo, S. 
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imagine the fituation and feelings of a ftatue, limitcil, at 
firft, to a fingic fenfe, and afterwards acquiring gradually 
the whole five. 

1 . 6cv//c' of iimcUin^ alone. 

A M AN, or a flatue, who had no f^infe but that of finell- 
ing, could have no other ideas than thofe of odours. He 
■would be the fmell of a rofe, a violet, or a jelfaminc, ac- 
cording as the effluvia of thefe objetls aded upon his 
fingle organ of fenfation. From agreeable or difagreeable 
finells he would acquire ideas of pleafure and pain. By 
means of agreeable and difagreeable fmells frequently re- 
peated, tiu'le fenfations would remain in his memory, and 
produce defire and averfion. He can now compare the 
fmell of a rofe with that of an hemlock. As foon as he 
compares, he judges of the relation between two idea?. 
In proportion as thefe comparifons or judgments are re- 
peated, he acquires, by habit, a greater facility in making 
them. He can judge of different degrees of pU'afurc and 
pain. Hence, when he feels uneafy, he recals pleafant 
fenfations which are paft, and wiflics for their return. 
This is the origin of dcfnc and want. Memory is the 
recollection only of v;hat is paft ; but, when the ideas of 
objeds prcfcnt themfelves in fo lively a manner, that 
he believes they arc actually prefent, this operation of 
the mind \i called imagination. Being limited to the ufe 
of one fenfe, he would learn to diftinguifii fmells with 
greater accuracy than beings endowed with more fources 
of information. Abflradion is the feparation of two ideas 
which have a natural connection. By refle£ting that the 
ideas of pain and pleafure rcfult from different modifica- 
tions of his exiftence, he contracts the habit of feparating 
them, and thus acquires abftract notions. To our flatue, 
a violet is a particular idea only ; confequently, all his 
abftractions are limited to different degrees of pleafure 
and pain. The fucccffion of lenfations will give him fomc 
faint ideas of number, of paft, and of future time. Du- 
ration is an idea purely relative, and changes according 
to the rapFdity or flow ncfs of our perceptions. Our fla- 
tue 
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tue is incapable of diftinguifhing dreams, or a lively ima- 
^gination, from real feiilations. By the aid of memory he 
recogriifes his identity, and knows his prefent from his 
paft condition. From thefe remarks it appears, that a 
man limited to one lenfe is capable of acquiring the rudi- 
ments of every human faculty, and that thefe faculties 
are only extended by the addition of other fenfes. Nearly 
the fame acquifitions would be made, if a man were li- 
mited to any of the other fenfes. 

2. Of Hearing alone. 

The pleafures of the ear arife chiefly from the fuccef- 
fion of founds conformably to the rules of melody or of 
harmony. Hence our ftatue's defires would not be con- 
fined to a fingle found ; he would wifli to become a com- 
plete air. Sounds produce greater emotions than odours. 
They excite joy or fadnefs independently of acquired 
ideas. Noife alone, without mufical expreflion, would 
be agreeable : And mufic would convey pleafure propor- 
tioned to the exercife of the ear. Simple, and even coarfe 
fongs, would at firil be ravifliing. But, when gradually 
accuilomed to mufic more compounded, the ear %ould 
difcover new fources of delight. The pleafure of a fuc- 
cefTion of mufical tones being fuperior to that of a con- 
tinued noife, he would not confound the one with the 
other. 

3. Sfnelling and Hearing united. 

As thefe fenfes, taken feparately, give to our ilatue no 
idea of external objeds, neither can they by their union. 
He would never fufped that he had two different organs 
of perception, nor, at firfl, diftinguifh two modes of 
exiftence in himfelf. Sounds and odours w^ould be con- 
founded, and feem to be only one fimple modiiication. 
He would learn, however, by experience, and thvi aid of 
memory, to diftinguifli two fenfations ; and th;:a iie v;ould 
think that his exiitence was double. His train of ideas 
is more varied and extenfive, becaufe he has two kinds 

of 
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of modiiication ; and, perhaps, noil'c would Iccni lo dit- 
terent from harmonious founds, thai he mij^ht imagine 
he had three fenfes. 

4. 7,/,.. iiiiitcd icUh Smelling iinJ lUjn/jg. 

Whln limited to talle alone, the Ihitue would acquire 
the fame mental powers as with fmelling or hearing. 
Tafle would contribute more to his happinefs and mifeiy 
than fmelling or hearing j becaufe favours, in general, 
aiied us more than fmells, or even harmonious founds. 

When tafle is united with fmelling and hearing, the 
ilatue, after learning to know them feparately, would he 
enabled to diftinguilh thefe fenfations, even when tranf- 
mittcd to him at the fame time j and therefore his cxifl- 
cnce would in fomc mcafure be tripled. The union of 
thefe fenfes would Itill farther extend and diverfify the 
train of his ideas, augment the number of his defires, 
and make him contract new habits. 

5. 0/ Sig/jl alone. 

Sight and all fenfations are internal, and belong to 
the mind. The difficulty is to conceive how we refer 
thefe fenfations to external objeds or caufes. Our flatue 
would confider light and colour as modes of his own ex- 
illence ; b«t could have no idea that they belonged to 
bodies diflinct fro/n himfelf. At firft he would not be 
able to diftinguifii one colour from another ; but he 
would foon acquire the habit of confidering one colour 
at a time, and thus learn to dillinguifli them. By fight 
Lilone he could have no idea of figure, fituaiion, exten- 
fion, cr motion. 

6. Sight vnlic:! z/'th S'v.dl^ Hi anivs, nud T<i'} \ 

T*iiL union ^ii_,;ac:iL uar liduc o ni j.'c i;i cx- 

• flcnce, extend the chain of hi^ ideas, and multiply the 
objects of his attention, of his defires, and of his enjoy- 
ments. But he would fliU continue; tO perceive himfelf 

alone, 
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ulone, and could have no idea of external objects. He 
would fee, fmell, taftc, and hear, without knowing that 
he had eyes, nofe, mouth, or ears, nor even that he had 
a body. With the fame colour before his eyes, if a fuc- 
ceflion of fmells, favours, and founds, were prefented to 
him, he would confider himfelf as a colour fucceffively 
odoriferous, favoury, and fonorous. If the fame odour 
were conftantly prefent with him, he would confider him- 
felf as a favoury, fonorous, and coloured odour. 

7. Of T'otiching alone. 

The fmallefl: degree of fentiment, or feeling, which a 
man limited to the fenfe of touching could have, would 
arife from the action of different parts of the body, and 
particularly from the motion of refpiration. This the 
Abbe calls the fundamental fentiment^ becaufe with it life 
commences. As foon as this fundamental fentiment has 
undergone any change, the ftatue is confcious of his own 
exiflence. When not ftruck by any external body, and 
placed in a temperate tranquil air, of an equal degree of 
heat, he would only recognife his exiftence by the con- 
fufed imprelTion relulting from the motion of refpiration. 
He cannot diftinguilh the different parts of his body, 
and confequently has no idea of extenfion. Different 
feelings perceived at the fame time convey a confufed 
fenfation only. But, when heat and cold are felt in fuc- 
ceffion, he diftinguifhes them, and retains in his memory 
the idea of each fenfation. Touching different parts of 
his body, and of external objects, gradually unfolds the 
ideas of extenfion, folidity, foftnefs, hardnefs, diftance, 
&c. Hence he no longer confounds himfelf with his 
modifications. He is no longer heat or cold; but he 
perceives heat in one part and cold in another. By means 
of the hand, he diftinguifties his own perfon from exter- 
nal objeds. When he touches the parts of his body, 
each part returns a fenfation. But, when he touches 
another body, he feels that it exifts, but returns no fen- 
lation ; and hence he learns that there are bodies which 
conftitute no part of himfelf. 

Z Children 
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Children derive the grcatell happinefs from motion. 
Even falls do not deter them. A bandat;e on their eyes 
would give them lefs pain than a reltraint on the ufe of 
their limbs. Motion, bclide many other advantages, 
gives them the mod lively confciouliiefs of their own ex- 
iitence and powers. If exercile be pleafant to children, 
it would be (till more fo to our Ihitue ; for as yet he not 
only knows no obllacle to interrupt his movements, but 
he will foon experience all the pleafures to be derived 
from motion. The ftatue at fir(t loves every body that 
does not hurt him. Polifhcd and fmooth lurfaces will 
be agreeable to him ; and he will be delighted to find 
that he can at pleafure enjoy warmth or coolnefs. He 
will receive peculiar pleafure from objeds, which, from 
their figure and magnitude, are moft accommodated to 
the form of his hand. At other times, the difficulty 
of handling objects, on account of their fize or weight, 
will give him pleafure by furpvife ; and this pleafure will 
be augmented by the fpace he difcovers around them, 
which will render the motion of his body from one place 
to another extremely agreeable. Solidity and fluidity, 
hardncfs and foftncfs, motion and reft, will be pleafant 
fenfations ; for the more he contrafts them, the more 
thev will attrad his attention and extend his ideas. But 
the habit he acquires of comparing and judging is the 
grcatefl fource of his pleafures. Ho no longer touches 
objects folely for the pleafure of handling them. He 
wifhes to know their relations, and he feels as many 
agreeable fenfations as he forms new ideas. 

Touching expofes him more frequently ^to pain than the 
other fenfes. But pleafure is always within his reach, and 
pain is felt only at intervals. His defires confift chiefly 
of the efforts of his mind to recal the moft agreeable ideas. 
But that kind of defire of which the fenfe of touch ren- 
ders him Capable, includes motion, or the power of fearch- 
ing for fenfations. Hence his enjoyments are not limited 
to the ideas prefented by the imagination, but extend to 
all the objedts he can reach ; and his dedres, in (toad of 
being concentrated into modc< of his exiftence, us in the 

other 
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other fenfes, lead him always to external bodies, which 
are the objefts of his love, hatred, and other paffions. 

By motion he acquires the idea of fpace. Repeated 
experience of difcovering new fcnfations renders him ca- 
pable of curiofity. But pain reprefl'es his defire of mov- 
ing, and makes him diffident. Hence he learns to move 
with caution ; and the fame chance that led him to lay 
hold of a ftick, will teach him to ufe it for exploring 
what may be hurtful to him. Pleafure and pain are the 
fources of all his ideas, the number of which acquirable 
by our ftatue is almofj: infinite. He learns to compare 
his different fenfations, and to diftinguifh different bodies. 
He acquires the idea of figure, and becomes capable of 
rehedion and abftra£lion. He acquires likewife the ideas 
of number, of duration, of fpace, and of immenfity. 

8. Of Touch united wiih Stnelling. 

On this fuppofition, the ftatue would perceive himfelf 
to be two different beings, one that he could touch, and 
another which he could not. When chance made him lay 
hold of an odorous body, he would find that its fmell 
was ftronger or w^eaker, in proportion as he brought the 
body nearer, or removed it farther from his face. This 
experiment frequently repeated will give him the idea 
that fmell proceeds from, or is a quality of, bodies. By 
the fame means he difcovers the organ of fmelling. From 
this fource his ideas concerning the qualities of bodies 
are greatly extended. 

f). Hearings Tajte^ and Toteching, united. 

At firft our ftatue is totally occupied with this new 
fenfe, and believes himfelf to be the finging of birds, the 
noife of a cafcade, &c. By the exercifc, however, of 
handling fonorous bodies, or of letting them fall, he 
perceives that found is produced by impulfe or coUifion, 
gradually difcovers this new organ, and that noife is a 
property of bodies even at a diftance. 
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10. Of Slight united ivitb all thf other Scnfis. 

The eye conveys no idea of diftancc, of magnitude, 
of figure, or or fitustion, without the alliftance ot touch- 
ing. Either from chance, or fron\ the pain occalioned 
by too Itrong a Hght, the ftatue carries his hand to his 
eyes. The colours of objeds inllantlv difappear. Here- 
moves his hand, and the colours return. Hence he learns 
that colours are not modes of his exiltcncc, but that they 
feem to be fomclhlng cxilHng in his eyes, in the lame 
manner as he feels at the ends of his fnigers the objects 
he to-uches. 

'Ihe Abbe, in the laiac ingenious manner, fhows how, 
by experience and habit, by motion and touching, we 
acquire a facility in correding the errors of vifion. But 
our limits permit us not to follow him any farther. 



C H A P T K R VII. 



Of Infancy. 

BY the term Infancy, m this chapter, is generally meant 
that portion of life which commences at birth, and 
terminates at that period when animals have acquired the 
power of felf-prefervation, without any alfdtance from 
their parents. This period varies greatly in different ani- 
mals. Of courfe, when diifeient fpecies are mentioned, 
the term infancy muff have very different limitations with 
regard to time. 

The date of infancy, in the human fpecies, continues 
longer than in any other animal. Infants, immediately 
after birth, are indeed extremely helplefs, and require 
every affillance and attention from the mother. Moft 
writers, however, on this fubjccl feem to have exaggerat- 
ed 
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cd not only the imbecility, but the miferies, of the infant 
ftate. ' An infant/ fays Buftbn, ' is more hclpicfs -than 
' the voung of any other animal : Its uncettain lite feems 
' every moment to vibrate on the borders of death. It 
' can neither move nor fupport its body : It has hardly 
' force enough to exift, and to announce, by groans, the 
' pain which it fufl'ers ; as if Nature intended to apprife 
' the little innocent, that it is born to mifery, and that it 
' is to be ranked among human creatures only to partake 
* of their infirmities and of their afflictions 

This humiliating picture is partly juu, and partly niif- 
reprefented. Though infants remain longer in a ftate of 
imbeciUty than the young of other animals, they are by 
no means more helplefs. The inllant after birth, they are 
capable of fucking whatever is prefented to their mouths. 
When in the fame condition, the young of the opofTam, 
of hares, rabbits, rats, mice, &c. can do no more. They 
can neither move nor fupport their bodies. Bendcs, ma- 
ny quadrupeds are deftitute of the fenfe of feeing for fe- 
veral days after birth. But, the faculty of vifion is en- 
joyed by infants the moment after they come into the 
world. This faculty, in a few hours, becomes a great 
fource of pleafure and amufement to them ; but it is de- 
nied, for fome days, to many other fpecies of animals. 
The young of moil: birds are equally v/eak and helplefs as 
human infants. The former have no other powers but 
thofe of refpiration, opening their moiiths to receive food 
from the parent, and ejefting the excrement, after the 
food has been properly digefted. If infants really fuffer 
more pain and mifery than other animals in the fame ftate. 
Nature feems not to merit that feverity of cenfure which 
file has fometimes received. Men in fociety, like domef- 
tic animals, by luxury, by artificial modes of living, by 
unnatural and vicious habits, debilitate their bodies, and 
tranfmit to their progeny the feeds of weaknefs and difeafe, 
the effecls of which arc not felt by thofe who live more 
agreeably to the general ceconomy and intentions of Na- 
ture. The children of favages, for the fame reafon, whe- 
ther in the hunting or Ihepherd ftate, are more robuft, 

more 

* Buffon, vol. 2. pag, 360. Tranflat, S. 
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more healthy, and liable to fewer difcafes, than thofe pro- 
duced bv men in the more cniiirhtened and refined llagcs 
ot lociety. Kven under the lame governments, and la 
the fame ftate of civilization, a Amilar gradation ot imbe- 
cility and difeafe is to be obferved. The childrc!i ol men 
of rank and fortune arc, in general, more puny, debilitat- 
ed, and difeafed, than thofe of the peafant or artihcer. 
Still, however, children, in their progrefs from birth to 
maturity, have innumerable fourccs of plcalure, which 
alleviate, if they do not fully compenfate, the pain which 
mult unavoidably be endured, whether in a more natural 
or more artilicial Hate of mankind. If luxury and civili- 
zation debilitate the conititutions of children, they give 
rife to many real enjoyments which are totally unknown 
lo the lavage. His wants are fewer ; but, his gratilica- 
lions are more than proportionally diminilhed. 

Though the period of human infancy be proportionally 
long, it is too often increaled by ini])roper management. 
In this, and many other countries of Europe, infants have 
no fooner efcaped frt)m the womb of their mother, and 
have enjoyed the liberty of llretching their limbs, tiiaii 
they are condemned to a more cruel and unnatural bon- 
dage. The head is fixed in one pofition ; the legs are 
fettered ; the arms are bound down to the fides ; and the 
little innocents are laced with bandages fo flrait that they 
cannot move a fingle joint. The rellraint of fwaddling 
bands mull: be productive of pain. Their original inten- 
tion was to prevent the head and limbs from being dif- 
lorted by unnatural or hurtful pofitions. But it was not 
confidered, that the etlorts made by infants to difentangle 
themfelves, have a greater tendency to diltort their mem- 
bers than any pollures they could alTume, if they enjoyed 
a greater degree of liberty. But, if the efforts for liberty 
made by infants fettered in this cruel manner be hurtful, 
the Hate oi inactivity in which they are forced to remain, 
is, perhaps, equally noxious. Infants, as well as all young 
animals, are extremely prone to motion. It promotes the 
growth and expanfion of their organs. It likewife invi- 
gorates all their members, and facilitates the circulation 
and fecrction of their different fluids. But, when inlants 

are 
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are deprived of exercife, or of the power of performing 
their natural movements, the oppofite effeds are produc- 
ed. The want of exercife retards their growth and weak- 
ens their conftitution. Thofe children, therefore, who 
are allowed full freedom of motion, will always be the 
the raofl: healthy and the mod vigorous. We arc, how- 
ever, happy to remark, that, by the efforts of philofophers 
and phyficians, the pradice of employing tight bandages 
has of late become lefs general, efpecially among intelli- 
gent midwives and mothers. But, to eradicate long efta- 
blifhed prejudices, and to diffufe more enlightened and 
falutary notions through a whole country, cannot be ef- 
fected without a great length of time and vigorous ex- 
ertions. 

From what caufes or circumftances particular modes 
in the management of infants originate, it is difficult to 
determine. But, it is certain that favages, and the ruder 
nations, in their treatment of infants, often difcover more 
difcernment, and propriety of conduct, than are to be 
found in the moft poliflied ftages of fociety. The negroes, 
the favages of Canada, of Virginia, of Brafil, and the 
natives of almoft the whole of South-America, inftead 
of ufmg fwaddling-bands, lay their infants naked into 
hammocks, or hanging beds of cotton, or into cradles 
lined with fur. The Peruvians leave the arms of their 
infants perfectly loofe in a kind of fwathing-bag. When 
a little older, they are put, up to the middle, in a hole 
dug out of the earth, and lined with linen or cotton. 
By this contrivance, their arms and head are perfectly 
free, and they can bend their bodies, and move their 
arms and head, without the fmalleft danger of failing, 
or of receiving any injury. To entice them to walk, 
whenever they are able to llep, the bread is prefented to 
them at a little diflance. The children of negroes, when 
very young, cling round, with their knees and legs, one 
of their mother's haunches, and grafp the breaft with 
their hands. In this pofition they adhere fo firmlv, that 
they fupport themfelves without any affiftance, aiul con- 
tinue to fuck without danger of falling, though the mother 
moves forward, or works at her ufual labour. Thefe 

children. 
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children, at the end of the fecond month, begin to creep 
on their hanJs and knees ; and, in tills lituation, they 
acquire, by habit, the faculty ol riinnitig with fiirpri'iiK^ 
quicknefs. 

Savajzes arc remaikably attentive to the cleanliness ot 
their children. Though they cannot afford to chanj^e 
their furs fo frequently as we do our linen, this defedt 
they fupply by other fubftances of no value. The fa- 
vages of North-America put wood-dull:, obtained from 
decayed trees, into the bottom of the cradle, and renew 
it as often as it is necelfary. Upon this powder the chil- 
dren are laid, and covered with ikins. This powder is 
very foft, and quickly abforbs moilturc of every kind. 
The children in Virginia are placed naked upon a board 
covered with cotton, and furniilied with a proj)er hole 
for tranfmitting the excrement. This pradice is, like- 
wife, almod general in the eaftern parts of Europe, and 
particularly in Turkey. It has another advantage: It 
prevents the difmal cflccts which too often proceed from 
the negligence of nurfes. 

Many northern nations plunge their infants, immedi- 
ately after birth, into cold water, without receiving any 
injury. The Laplanders expofe their new-born infants 
on the fnow till they are alniofl dead with cold, and then 
throw them into a warm bath. During the firlt year, 
this feemingly harfli treatment is repeated three times 
every day. After that period, the children are bathed in 
cold water thrice every week. It is a general opinion in 
northern regions, that cold bathing renders men more 
healthy and robufl: ; and, hence, they inure their chil- 
dren, from their very birth, to this habit. In the iflhmus 
of America, the inhabitants, even when covered with 
fweat, plunge themfelves with impunity into cold water. 
The moihers bathe in cold water, along with their in- 
fants, the moment after delivery ; yet, much fewer of 
them die of child-bearing, than in nations where a prac- 
tice of this kind would be confidered as extremely ha- 
zardous. 

With regard to the food of infants, it fhould confjft, 
for the firit two moiitli^, of the mother's milk alone. A 

child 
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child may be injured by allowing it any other nourifh- 
ment before the end of the firii month. In Holland, in 
Italv, in Turkey, and over the whole Levant, children, 
during the firft year, are not permitted to tafte any other 
food. The Canadian favages nurfe their children four 
or five vcars, and fometimes fix or feven. In cafes of 
neceffity, the milk of quadrupeds may fupply that of the 
mother. But, in fuch cafes, the child fhould be ob- 
liged to fuck the animal's teat ; for the degree of heat is 
always uniform and proper, and the milk, by the aftion 
of the mufcles, is mixed with the faliva, which is a great 
promoter of digeflion. Several robufl peafants have been 
known to have had no other nurfes than ewes. After 
two or three months, children may be gradually accuf- 
tomed to food fomewhat more folid than milk. Before 
the teeth flioot through the gums, infants are incapable 
of mallication. During that period, therefore, it is ob- 
vious that Nature intended they Ihould be nourilTied folely 
by foft fubftances. But, after they are furnifhed with 
teeth, it is equally obvious, that they Ihould occafionally 
be allowed food of a more folid texture. 

The bodies of infants, though extremely delicate, are 
lefs afFefted by cold than at any other period of life. 
This effect may be produced by the fuperior quicknefs in 
the puliation of the heart and arteries v/hich takes place 
in fmall animals. The pulfe of an infant is m.ore frequent 
than that of an adult. The pulfe of a horfe, or of an 
ox, is much flower than that of a man ; and the motion 
of the heart, in very fmall animals, as that of a linnet, 
is fo rapid that it is impoliible to count the ftrokes. 

The lives of children, during the firll three or four 
years, are extremely precarious. After that period, their 
exillence becomes gradually more certain. According to 
Simpfon's tables of the degrees of mortality at different 
ages, it appears, that, of a certain number of infants 
brought forth at the fame time, more than m fourth part 
of them died the firft year, more than a third in two 
years, and at leafl one half at the end of I lie third year. 
Mr. Sinipfon made this experiment upon children born in 
London. But, the mortality of children is not nearly fo 
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great in every place ; for M. Duprii de S. Maur, by a 
number of experiments made in France, has fliown, tlut 
one half of the children born at the fame time are not 
extind in lefs thaji feven or eight years. 

To treat of the dileafes of children, or to enter minutely 
into the caufes which contribute to the great mortality 
of mankind in early infancy, is no part of our plan. 1« 
general, thefe caul'es are to be referred to unnatural prac- 
tices in the management of children, introduced by fu- 
perllition, by ignorance, and by fooiifh notions arifmg 
from over-refinement, from prejudice, and irom hypothe- 
tical fyftems, while the ceconomy and analogy of Nature, 
in the conducl and fituation of the inferior animals, are 
almoll totally neglected. Every animal, except the human 
fpecies, brings forth its young without any foreign aid. 
But, incredible numbers of children, as well as of mo- 
thers, arc daily maimed, enfeebled, and dellroyed, by 
the ignorance and barbarity of midwivcs and accoucheurs. 
An infant is no fooner brought into the world than it is 
crammed with phyfic. Nature's medicine for cloimfing 
the bowels of infimts is the milk of the mother. But, 
midwives abfurdly imagine that drugs will anfwer this 
purpofe much better. All other animals that give fuck 
nurfe their own offspring : But, we too frequently delegate 
this tender and endearing office to ffrange women, whofe 
conilitutions, habits of life, and mental dif])ofitions, are 
often totally different from thofe of the genuine parent. 
Infants, recently after birth, frequently fuffer from giving 
them, inllead of the mother's milk, wine- whey, watcr- 
gruel, and fimilar unnatural kinds of nourifhment. In 
this period of their exiftence, however, very little food, 
but a great deal of red, is iieceffary for promoting their 
health, and fecuring their eafe and tranquillity ; for in- 
fants, when not teazcd by officious cares, fleep almofl 
continually during fcveral weeks after birth. Young ani- 
mals are naturally fond of being in the open air ; but, 
our infants, particularly in large towns, are almoft perpe- 
tually fliut up in warm apartments, which both relaxes 
their bodies and enervates their minds. The great agility, 
flrength, and fine proportions of favages, are refults of a 

hardy 
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hardy education, of living much in the open air, and of 
an unreftrained ufe of all their organs the moment after 
they come into the world. 

In young animals, as well as in infants, there is a gra- 
dual progrefs, both in bodily and mental powers, from 
birth to maturity. Thefe powers are unfolded fooner or 
later, according to the nature and exigencies of particu- 
lar fpecies. This progrefs, in man, is very flow. Man 
acquires not his full flature and ftrength of body till fe- 
veral years after the age of puberty : And, with regard 
to his mind, his judgment and other faculties cannot be 
faid to be perfeftly ripe before his thirtieth year. 

In early infancy, though the imprelTions received from 
new objefts muft be ftrong, the memory appears to be 
weak. Many caufes may concur in producing this effect. 
In this period of our exiftence, almoft every objed is new, 
and, of courfe, engroffes the whole attention. Hence 
the idea of any particular objed is obliterated by the quick 
fuccelFion and novelty of others, joined to the force with 
which they aft upon the mind. Haller afcribes this want 
of recolledl ion to a weaknefs of memory ; but, it feems ra- 
ther to proceed from a confufion which neceflarily refults 
from the number and ftrong impreffions of new objects. 
The memory ripens not fo much by a gradual increafe in 
the ftrength of that faculty, as by a diminution in the 
number and novelty of the objeds which folicit attenti- 
on. In a few years children are enabled to exprefs all 
their v/ants and defires. The number of new objeds 
daily diminiflies, and the impreflions made by thofe with 
which they are familiar become comparatively fmall and 
uninterefting. Hence their habits of attention, and the 
ardour of their minds, begin to relax. Inftead of a ge- 
neral and undiftinguifliing gratification of their fenfes, 
this is the period when it is neceiTary to ftimulate children, 
by various artifices, to apply their minds fteadily to the 
examination of particular objeds, and to the acquifition 
of new ideas from more complicated and refined fources 
of information. The great bafis of education is a habit 
of attention. When this important point is gained, the 
minds of children may be molded into any form. But 
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that rcdleflhefs, and appetite for motion, which Nature, 
forihc wifefl purpofcs, has implanted in tlie conltituiioii 
or ail young animals, lliould not be too I'evcrcly cliccked. 
Heakh and vipjour of body arc the furell foundations of 
flren^^ih and improvement of mind. 

With regard to the duration of infancy, from man to 
the iniccl tribes, it iecms, in general, to be proportioned, 
not to the extent of life, but to the fagacity or mental 
powers of the dili'erent claifes of animated beings. liie 
elephant requires 30 years, and the rhinoceros 20, before 
they come to perfect m^^turity, and are enabled to niulti- 
piy their fpecies. But thefe years mark not the period 
oi infancy ; for the animals, in a much Ihorter time, are 
capai)le of procuring their own food, and are totally inde- 
pendent of any aid from their parents. The fame remark, 
is applicable to the camel, the horie, the larger apes, &c. 
Their ages of puberty are four, two and a half, and three 
yeurs. But, in thefe quadrupeds, the terminations ot in- 
fancy are much more early. The fmaller quadrupeds, 
as ha res J irats, mice, &c. are mature at the end ot the 
firvt year after birth ; and the Guiney-pig and rabbit re- 
quire only five or fix months. There is a gradation of 
mental powers, though not without exceptions, from the 
larger to the more minute quadrupeds ; for the dog and 
fox, whofe fagacity is very great, come to maturity in 
one year, and their ftate of infancy is fhort. But, of all 
animals, the infancy and helplefs condition of man arc 
the moft prolonged ; and the fuperiority and dudility of 
his mind will not be queltioned. 

The infant ftate of birds is very fhort. Mofl of the 
feathered tribes arrive at perfeclion in lefs than fix months; 
and their fagacity is comparatively limited. 

With regard to fifties, if the whale and feal kind, who 
fuckle their young, be excepted, they receive no aid from 
their parents. Hlhcs no fooner efcape from the eggs of 
their mother, than they are in a condition to procure 
nouriftiment, and to provide, in fome meafurc, for their 
ov.n fafety. Of the fao:acity of fiihes, ov.ing to the cle- 
ment in v/hich they live, we have very little knowledge. 
But, their general charader la llupidity, joined tea vora- 
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cious and indifcriniinating appetite for food. In oppofi- 
tion to an almoft general law of Nature which fubfifts 
among other animals, fifhes devour, without diftindion, 
every fmaller or weaker animal, whether it belongs to a 
different fpecies, or to their own. In animals of a much 
higher order, voracity of appetite is feldom accompanied 
with ingenuity or elegance of tade. When the principal 
attention of an animal is engrolTed with any ienfual appe- 
tite, it is a fair conclufion that the mental powers are 
weak, becaufe they are chiefly employed upon the grolTeft 
of all objedts. If this obfervation be jull:, hflies muft be 
ranked among the mod ftupid animals of equal magni- 
tude and adivity. 

The infant ftate of infeOis is a various and complicated 
fubjedl. After they efcape from the egg, they undergo fo 
many changes, and alTume fuch a variety of forms, that it 
is difficult to determine the period of their- exiftence 
which correfponds to the condition of infancy in the lar- 
ger animals. Different fpecies remain longer or Ihorter 
in the form of worms, caterpillars, or grubs, before they 
are changed into chryfalids, and afterwards into flies. 
When young, like other animals, they are fmall and fee- 
ble : But, even in their mofl helplefs condition, with ,a 
very few exceptions. Nature is their only nurfe. They 
require no aid from their parents, who, in general, are 
totally unacquainted with their progeny. But, as for- 
merly obferved, when treating of inftincl, the mothers 
uniformly depofit their eggs in fituations which afford 
both protection and nouriihment to their young. The 
parent fly, according to the fpecies, invariably, unlefs re- 
ftrained by neceffity, depofits her eggs upon particular 
plants, in the bodies of other animals, in the earth, or in 
water. Whenever, therefore, an infect receives exiftence 
in its primary form, all its wants are fupplied. Though 
the mother, after the worms ifliie from the eggs, takes 
no charge of her oftspring, and frequently does not exift 
at the time they come forth, yet, by an unerring and pure 
inftind, flie uniformly places them in fituations where the 
young find proper nouriihment, and every thing neceilary 
to their feeble condition. 

To 
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To this general law, by which in Teds arc governed, 
there are feveral exceptions. Bees, anJ loine other liics, 
not only conltract nelts tor their young, but achmlly locil, 
and moft anxioufly proteft them. 

From what has been laid concernini^ the inlanc y ot ani- 
mals, one general remark merits attention. Nature has 
uniformly, though by various modes, provided tor the 
nouridiment and prefervation ot all animated beings while 
thev are in an infantine ftate. Thougli the human fpecies 
continues long in that ftate, the attachment and folicitude 
of both parents, inftead of abating, in proportion to the 
time and labour bellowed on their progeny, con (I ant ly 
augment, and commonly remain during life. The reci- 
procal affedion of parents and children is one of the 
greateft fources of human happinefs. If the love of chil- 
dren were not ftrong, and if it did not inereafe with time, 
the labour, the conltant attention, the anxietv and fatigue 
of mothers would be infuilcrable. But here Nature, 
whofe wifdom is always confpicuous, makes affection 
brave every difficulty, and footh every pain. If a child 
be fickly, and require uncommon care, the exertions of 
the mother are wonderfully fupported : Pity unites with 
love ; and thcfe two paflions become fo (trong, that hard- 
fliips, and fatigue of every kind, are fullered with chear- 
fulnefs and alacrity. 

With regard to the inferior tribes of animals, Nature 
has not been leis provident. To quadrupeds and birds 
fhe has given a itrong and marked affedion for their ofl- 
fpring, as long as parental care is neceffary. But, when- 
ever the young begin to be in a condition to protect and 
provide for themfelves, the attachment of the 'parents gra- 
dually fubfides ; they become regardlefs of their offspring, 
at laft banifh them, with blows, from their prefence^ and, 
after that }->eriod, feem to have no knowledge of the ob- 
jeds which fo lately had engroffcd all the attention of 
their minds, and occupied all the induftry and labour of 
their bodies. — Here the dignity and fuperiority of man 
appears in a confpicuous light. Inftead of loling the 
knowledge of his offspring after they arrive at maturity, 
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his afl^aion expands, and embraces grandchildren, and 
great-grandchildren, with equal warmth as if they had 
immediately originated from himfelf. 



CHAPTER VIU. 



Of ihe Growth, and Food, of Animals. 



IT is a law of Nature, that all organized bodies, whe- 
ther animal or vegetable, require food, in order to ex- 
pand and flrengthen their parts when young, and to pre- 
ferve health and vigour after they have arrived at matu- 
rity. The food of animals is digefted in the ftomach and 
inteftines : By this procefs it is converted into chyle, arid 
abforbed by the lafteal veflels, in the manner defcribed in 
Chap. II. pag. 50. But how this chyle, or nutritious mat- 
ter, after mingling with the general mafs of blood, con- 
tributes to the growth, and repairs the wafte of animal 
bodies, is a myftery which probably never will be unfold- 
ed by human fagacity. It has, however, like many other 
fecrets of Nature, given rife to feveral ingenious theories 
and conjedures, fome of which (hall be flightly mentioned. 

Buffon confiders the bodies of animals and vegetables 
as what he calls internal moulds. He fays, that the matter 
of nutrition is not applied by juxta-pofition, but that it 
penetrates the whole mafs ; that each part receives and 
applies thofe particles only which are peculiar and ne- 
cefTary to its own nature ; and that, by this means, the 
whole parts of the body are gradually and proportionally 
augmented. This nutritive matter, he remarks, is orga- 
nic, and fimilar to the body itfelf ; and hence the fize of 
the body is increafed, without any change in its figure or 
fubftance. The matter ejcded by the different excretions 
he confiders to be a feparation of the dead iTom the yivi- 
fvine: and organic parts of nourifliment, which are diftri- 
■' ° Of buted 
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butcd over the body by an aftive power : This power, 
funilar to that of gravity, pcnctrarcs tht- internal i'uMlancc 
of the body, and attracts tlic organic particles, which are 
thus pufhfd on through all its parts. As thelc ''r>^:.iiic 
paritcles are fimllar to the body itfelf, their uni'tit uith 
the d'ffcrent parts nugincnts its fize, without chaii^r. ; its 
figure. To unfold an embryo or germ, nothing more ig 
requifite than that it contain, in miniature, a body fimilar 
to the fpccies, and be placed in proper circumltanccs for 
the acquifition of frefli organic particles to increafc its 
fize and unfold its members. Hence nutrition, de\ elope- 
ment, and reproduclion, are all eifeds ot the fame caufe. 

This account of the nutrition and growth of organic 
bodies has the appearance of an ingenious theory. But 
an attentive reader will eafily perceive, that it contains no 
other information, than that animals and vegetahles are 
nouriflied and grow by the intervention of the nutritious 
particles of food. This is a fa£l univerfally known and 
admitted. But, we are Hill as ignorant as ever of the mode 
by which this myflerious operation is performed. 

Other authors have fuppofed that the brain is a large 
gland ; that the nerves diftributed over the whole body 
are the duds or canals of this gland ; and that the prin- 
< ipal ufe of the brain is to fecrete nutritious matter, and 
to tranfmit it by the nerves to the various parts of the 
fyftem, in order to expand the difierent organs of which 
it is compofed, or to repair the wafle they may have fuf- 
fered from labour and other caufes. 

This theory prefuppofes that the nerves are tubular, 
snd contain a fluid : But both of thefe circumflances have 
hitherto eluded the refearch of the ablell anatomilh. 
Befides, the learned and indefatigable Doctor Monro, in 
his Nervous Syjlcm, has rendered it highly improbable 
that the nerves are the inftruments of nutrition. The 
Doctor reafons in the following manner. — On comparing 
different animals, he remarks, we find no correfpondence 
between the fize of their brain, the rapidity of their growth, 
or the quantity of nourifliment they receive. An ox is 
fix times heavier than a man ; but the brain of an ox 
weighs not above a fourth part of that of a miui. On this 

fuppofi- 
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fuppofition, an ox's brain muft fecrete twenty-four times 
more nourifhment than a portion equal to it of the hu- 
man brain. In two years" an ox acquires his full fize. 
His brain muft, of courfe, be fuppofed to tranfm(jt daily 
through the nerves two or three pounds of fleft, bones. 
Sec. But the much larger brain of a man does not, in 
an equal time, add to his body a fiftieth part of that 
weight. 

' In monfters,' fays the Do£lor, ' I have found the 
' limbs very plump, though the brain was very fmall. 
' Nay, in fome monfters, the head has been v/anting, 
' yet the limbs were as large and perfect as common. In 
' other monfters, with one head and two bodies, I have 

* found that the brain furnilhed the nerves of the head 
' and fpinal marrow on the right fide of the monfter ; 
' yet the left fpinal marrow, at the top of which there 
' was only a fmall medullary knob, about the fize of a 
' large pea, was as perfect as the right one ; and that 
' body, and its limbs, were as large, and as well nourifiied, 
' as thofe on the right fide. On the other hand, where 
' there were two heads of the ordinary fize, and only one 
' body, the limbs were not renxarkable for their fize. 

' We fee that organs, of which the nerves are fo fmall 
' that we cannot trace them by diifeftion, as the bones, 
' the placenta, &c. grow as quickly as the other organs, 

* in which the nerves are large and numerous. 

' A year after I had cut acrofs the fciatic nerve of a 

* living frog, I could not perceive that limb fmaller than 

* the other ; yet it continued to be infenfible and moti- 
' onlefs. Nay, when I had broken the bones of the in- 
' fenfible limb, or wounded the flvin' and fiefli, I found 
' that the callus formed, and the wounds healed, as rea- 
' dily as if the nerve had been entire. The event was 
' the fame after dividing, tranfverfelv, the lower or pofte- 
' rior end of the fpinal marrov^^ of the frog. 

' It is well known,' concludes our author, * that, if 
' powder of madder root is mixed with the food of a 

* young animal, the bones become red ; or, if a bone 

* has been broken, that the callus joiair>g its parts will 
' be red. The ferum of the blood, in the ftrft place, is 

B b * deeply 
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* deeply tinged ; but llie red colour of the bones is not 
' folely, nor even chiefly, owing to the coloured feruni 

* or blood clrculatin;:^ ; for I have f(nin(l, that, after in- 
' jccting water into the velfels till thele were emptied of 
' the blood, and that the water canie out colourlefs, the 

* tinge in the bones appeared equally deep, and was, 
' therefore, plainly owing to a great quantity (>f the red 
' earth added to the bones in the time of their growth. 
' But this earth was not tranfmitted by the nerves ; fdi 

* the colour of thefe, as I found, remained unchanged.' 

That the nutritious particles of food are conveyed by 
the arteries, and applied by their extremities to the va- 
rious parts of animal bodies which require to be repaired 
or expanded, is an opinion not only befl fupported by 
facls, but adopted by all the more rational phyfiologifts. 
The principal fadls and arguments in fupport of this the- 
ory fliall now be mentioned. 

The chvle, as formerly remarked, is converted into 
blood. The glutinous part of the blood, known by the 
name of congulable lymph, refembles the white of an egg. 
Tliat the white of an egg is the fole nourifhment of the 
chick before its exclufion, is an eflablifhed fadl ; and the 
cimclufion, from analogy, that the lymph of blood is 
deftined for the growth and reparation of animal bodies, 
is bv no means unnatural. ' Without repeating,* fays 
Dr. Monro, * our extreme uncertainty as to the tubu- 

* lar nature of the nerves, and the improbability that 
' canals fo exceedingly minute as thofe within the nerve.N 

* mull be, and of fuch length, are deftined for the con- 
' veyance of glue, do we not find, that this very matter 

* is feparated by the exhalant branches of the arteries of 
' the peritoneum, pleura?, and other fhut facs, and, uni- 
' verfallv, bv the branches of the arteries of the cellular 
'membrane? — The kinds of matter necelTary for the- 
' growth and nourifliment of our feveral organs are fo 

* varioiis and dificrent in their nature, that it is altogether 

* incredible ihey can be fuiu.ifl.ed by the nerves: Thus, 

* water is needed for the L:;tenfion of the fore-part ol 

* the eye, vifcid 'matter for the cryltalline '.md vitreou.-. 

* humours, earth for the growth of the bones, &c. ; 

* whercHs 
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* whereas m c can as eaCly conceive thefe to be furnilhed 
' by the arteries, as that, in one place, they fhouid furnifh 
' faliva, in another bile, kc. — As the wafte of the feveral 
' organs is carried off by the vefl'els, either circulating 
' or abforbent, why Ihould we doubt that the circulating 
' fluids can add a particle in the place of one that has 
' been carried OiT, or that an artery can fupply what has 
' been abforbed by a lymphatic vein ? As it is granted 
' that the fecretion of all other kinds of matter in the 

* bodies of animals is performed by the branches of the 
' arteries, is it not incredible that there fliould be an ex- 

* ception to the general rule in the fecretion of the nou- 
' rithment ? Surely that power which can convert the 
' food into blood, and can change the blood into bile and 
' faliva, is fufficient to convert it into nourifliment. 

' I will now add,* continues our author, ' that in calli, 
' cicatrices, or accretions, there are numberlefs new formed 

* veffels filled, in the living animal, with red blood, and 
' which can readily be injccled. Nay, I found by cxperi- 
' ment, that fuch new formed vefi'els, produced by the 
' oppofite fides of a wound, unite into continued canals, 

* or anaflomofe. — If, then, in a callus, new earthy or 
' oifeous fibres, and new veffels, can be formed by the 
' original arteries, niufl we not believe that the wafle of 

* this earth, and of thefe vefl'els, can be ever after fup- 

* plied by the arteries which formed them ? If fo, are we 
' not to conclude, that the wafle of other arteries, and of 
' other organs, is fupplied in the fame manner from the 

* arteries ? If the quantity of blood naturally circulating 
' through a limb be diminiflied, as by tying the trunk of 
' the brachial artery, in the operation for an aneurifm, the 
' arm lofes part of its flrength and fize ; but the lofs is lefs 
' than, at firfl fight, might be expected ; becaufe the ana- 
' iiomofing (o^ uniting} canals foon come to be greatly 
' enlarged. 

' Upon the whole,' the Doctor concludes, ' there are 
' few points in phyfvology fo clear, as, i. That the arte- 
ries prepare, and diredly fecrete the nourifliment in all 

* our organs ; and, 2. That the nerves do not contain nor 

' conduct 
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* conduft the nourifliment, but, by enabling the arteries 

* to ad properly, contribute indiredly to nutrition.* 

The inj^c iilous Charles Bonnet endeavours to (how, that 
the part>: of all or^^anized bodies are contained, in mini- 
ature, ill p^erms, or buds ; that thcfe germs, when placed 
in proper fituations, gradually unfold and increafe in 
ina'^nitude ; that the various members ot animals and 
vegetables are expanded, both longitudinally and laterally, 
by iood adapted to their refpedive natures ; and that every 
f^^crm aduallv includes the rudiments of the whole ani- 
mals or vegetables which are to proceed from it during 
all fucceflive generations. 

With regard to vegetables, it is true, that the feed firft 
products a fmall tree, which it contained in miniature 
within its lobes. At the top of this fmall tree a bud or 
germ is formed, which contains the flioot or tree that is 
to fpring next feafon. In the fame manner, the fmall tree 
of the fecond year produces a bud which Includes a tree 
for the third year; and this procefs uniformly goes on as 
long as the tree continues to vegetate. At the extremity 
of each branch, buds are likewile formed, which contain, 
in miniature, trees fimilar to that of the firft year. From 
thefe, and fimilar fads, it is concluded, that aH thefc 
germs were contained in the original feed ; for the firft 
bud was fucceeded by a fimilar bud, which was not un- 
folded till the fe 'ond year, and the third bud was not 
expanded till the third year ; and, of courfe, the feed 
may be faid to have contained not onlv the whole buds 
which would be formed in a hundred years, but all the 
feeds, anJ all the individuals, which would fucceHivcly 
arrive till the final deftrudion of the fpecies. 

Thefe fads are known and eftabllflied ; but the reafon- 
ing deduced from them is fallacious, or, what amounts 
to the fame thing, is perfedly incomprehenfible. The 
feed is unqueiUonably the origin or caufc of all future 
individuals, which may be infinite. But the idea that it 
really contained the germs of all the individuals which 
were to fpring from it as a fource, is not only abfurd, 
but exceeds ail the j^owcrs of human imagination to con- 
ceive. Theories of this kind, of which there are too 

many 
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many in almofl: every department of fcience, hardly merit 
examination. Every feed, and every animal, according 
to this doftrine, includes in its own body an infinite 
pofterity ! If we affent to reafonings of this kind, we muft 
lofe ourfelves in the labyrinths of infinity ; and, inftead 
of throwing light upon the fubjetl, we fliall involve it in 
tenfold darknefs. All we know concerning the nature of 
growth and nutrition is extremely limited. We know 
that, in the animal kingdom, nutrition is performed by 
means of the blood, which is forcibly propelled through 
every part of the body by the adlion of the heart and ar- 
teries ; and that vegetables, in a fimilar manner, are 
nouriflied by the afcenfion and diftribution of the fap. 
But, how the nutritive particles are applied to the various 
parts of organized bodies, and how they expand the or- 
gans, or repair their continual wafte and lofs of fubftance, 
we muft content ourfelves with remaining in perpetual 
ignorance. 

In general, the food of animals, and particularly of 
the human fpccies, confifts of animal and vegetable fub- 
ftances, combined with water, or other fluids. ^ The Gen- 
too, and fome other fouthern nations, live entirely upon 
vegetable diet. From the accounts we have of the difle- 
rent regions of the earth, it appears, that the natives of 
warm climates, where the cultivation of plants is praftifed, 
employ a greater proportion of vegetable food than in the 
more northern countries. The inhabitants of Lapland 
have little or no dependence on the fruits of the earth. 
They neither fow nor reap. They ftill remain, and, from 
the nature of their climate, muft forever remain, in the 
fhepherd ftate. Their comparative riches confift entirely 
of the number of rein-deer poffeffed by individuals. 
Their principal nourifliment is derived from the flefh and 
milk of thefe animals. In autumn, however, they catch 
great multitudes of fowls, moft of them of the game kind. 
With thefe, while frelh, they not only fupply their prefent 
wants, but dry and preferve them through the winter. 
They likewife kill hares, and other animals, which abound 
in the woods and mountains ; but the flefn of the bear is 
their greateft delicacy. In their lakes and rivers, they 
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have inexhaufliblc (lores of fillies, which, in funuiier and 
autumn, they ilry in the fun, or in {loves, aiul in winu r 
ihey are prclcrved by the froll. The Laplanders drink 
water, or animal oils ; but never tafte bread or fait. 
They live in a pure air, and have fuilicient exereile. 
Their conllitutions are attempered to tlie coldnels t)f the 
climate ; and they are remarkable for vigour and lonj^e- 
vity. The gout, the ftone, the rhcumatifm, and many 
other difeafes which torture the luxurious in milder 
climes, arc totally unknown to them. With the few gifts 
which Nature has beltowed on them, they remain fatisfied, 
and live happily among their mountains and their liorn)s. 
If fouthern nations atibrd examples of people who leed 
nearly on vegetables alone, tlie Laplanders furnifh one of 
the oppofite extreme ; for thc v are almoll entirely carnivo- 
rous animals. 

To Norway, Sweden, Gcrmauy, and Britain, the fame 
obfcrvation is applicable. In theie countries, animal food 
is much more uied than in France, Spain, Italy, Harbury, 
and the other fouthern regions of the globe. Many rea- 
fons may be ailigned for thele difterences in the food of 
nations. The natural produdions of the earih depend 
entirely on the climate. In warm climates, the \ ogetableg 
which grow Ipontanecufly are both more luxuriant and 
more various. The number and richnefs of their fruits 
far exceed thofe of colder regions. From this circum- 
ftance, the natives mult be flimulated to ufe a proportion- 
ally greater quantity of vegetable food ; and we learn 
from hiltory, and from travellers, that this is adually 
the cafe. In cold countries, on the contrary, vegetables 
are not only fewer, but more rigid, and contain lefs nou- 
rifhment. The inhabitant?, accordingly, are obliged to 
live principally on animal fubftances. If we examine the 
mode of feeding in dlfierent nations, it will be found, 
that, in proportion as men approach or recede from the 
poles, a greater or lefs quantity of animal and vegetable 
fubftances are ufed in their diet. Cultom, laws, and re- 
ligious rites, it mud be allowed, produce confiderable dif- 
ferences in the articles of food, among particular nations, 
which have no dependence on climate, or the natural 

produdlions 
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produaions of the earth. But, when men are not fetter- 
ed or prejudiced by extraneous circumftances, or political 
inftitutions, the nature of their food is invaria'oly deter- 
mined by the climates they inhabit. The variety of food, 
in any country, is likewife greatly influenced by culture, 
and by imitation. Commerce occafionally turnifhes new 
fpecies of food, particularly of the vegetable kind. In 
Scotland, till about the bcp inning of this century, the 
common people lived almoft entirely upon gram. Smce 
that period, the culture and ufe of the potato, of many 
fpecies of coleworts, and of fruits, have been introduced, 
and univerfally difl\ifed through the nation. 

Whether man was originally intended by Nature^ to 
live folely upon animal or vegetable food, is a^ queftion 
which has been much agitated both by the ancients and 
the moderns. Many fa£ts and circumftances concur in 
eftablifliing the opinion, that man was defigned to be 
nouriftied neither by animals nor vegetables folely, but 
by a mixture of both. Agriculture is an art, the inven- 
tion of which muft depend on a num.ber of fortuitous 
circumftances. It requires a long fucceffion of ages be- 
fore favage nations learn this art. They depend entirely 
for their fubfiftence upon hunting wild animals, fifliing, 
and fuch fruits as their country happens fpontaneoufly to 
produce. This has uniformly been the manner of living 
among all the favage nations of which we have any pro- 
per knowledge ; and feems to be a clear proof, that ani- 
mal food is by no means repu^^nant to the nature of man. 
Befides, the furface of the earth, even in the moft luxu- 
riant climates, and though affifted by culture, is not 
capable of producing vegetable food in fufficient quantity 
to fupport the human race, after any region of it has 
become fo populous as Britain, France, and many other 
nations. The general pradice of mankind, when not 
reftrained by prejudice or fuperftition, of feeding promif. 
cuoufly on animal and vegetable fubftances, is a ftrong 
indication that man is, partly at Icaft, a carnivorous ani- 
mal. The Gentoos, though iheir chief diet be vegeta- 
bles, aftbrd no proper argument againft this reafonmg. 
Thev are obliged, bv their religion, to abftaiu from the- 
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flefli of animals ; and they arc allowed to life milk, whicli 
is a very nourilliiiig animal food. Notwiihdandinji; this 
indulgence, the Gentoos, in general, are a meBi;re, fiekly, 
and feeble race. In hot climates, however, a very great 
proportion of vegetable diet may be ufed without any bad 
confcquences. 

Other arguments, tending to the fame conclufion, arc 
derived, not from the culloins or practices of particular 
nations, but from the ftrucUire of the human body. All 
animals which feed upon vegetables alone, as formerly 
remarked, have ftomachs and inteftines proportionally 
larger than thofe that live folely on animal fubilances, 
Man, like the carnivorous tribes, is furnifhed with cutting 
and caaine teeth, and, like the graminivorous, with a 
double row of grinders. The dimenfions of his llomach 
and intelUnes likewife hold a mean proportion between 
thcfe two tribes of animals, which dilfer fo effentially in 
their characters and manners. — From thefe, and fimilar 
arguments, I have no hefitation to conclude, that a pro- 
miicuous ufe of animal and vegetable fubilances is no de- 
viation from the original nature or deftination of mankind, 
whatever country they may inhabit. 

With regard to the different proportions of animal and 
vegetable food which are moll accommodated to the health 
and vigour of mankind, no general rule can be given that 
could be applicable to different climates, and to the dif- 
ferent conilitutions of individuals. Animal food, it is 
certain, gives vigour to the body, and may be ufed more 
liberally by the active and laborious than by thofe who 
lead a fludious and fedentary life. A great proportion of 
vegetable food, and particularly of bread, is confidered, 
by the moll eminent phyficians, as bell adapted for men 
who are fond of fcience and literature ; for, full meals of 
aniinal food load the ftomach, and feldom -fail to produce 
dulnefs, yawning, indolence, and many difeafes which 
often prove fatal. 

The remainder of this chapter, from unavoidable cau- 
fes, muff coniiff of obfervations of a more defultory kind. 

Moil animals, when they live long on a particular fpe- 
tjies of food, are apt to be afl'ected with difeafes, which 
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generally arife from coftivenefs, or its oppofite. The 
Guincy-pigs, after being confined for fome time to cok- 
worts, contract a loofenefs, which often terminates in 
death. But, when thofe animals are at full liberty, they 
prevent this effed, by an inftind which teaches them to 
make frequent changes from moifl to dry food : If they 
are reftrained in their choice, they will eat, as a fucce- 
daneum, paper, linen, and even woollen cloths. 

Though fome animals, and many vegetables, would be 
noxious to man, if ufed as food, yet, in general, that 
matter is more regulated by chance and cuflom than by 
rational motives. By experience, and the aid of our fen- 
fes, we acquire a tolerable facility of diflinguifliing falu- 
tary from noxious food. Other animals felecl their food 
inllinclively ; and their choice is chiefly determined by 
the fenfe of fmelling. The fpaniel hunts his prey by the 
fcent ; but the grey-hound depends principally upon the 
ufe of his eye. When the grey-hound lofes fight of a 
hare, he inftantly gives up the chace, and looks keenly 
around him, but never applies his nofe, in order to dif- 
cover the track. Some rapacious animals, as wolves and 
ravens, difcover carrion at diftances, which, if we were 
to judge from our own fenfe of fmelling, would appear to 
be altogether incredible. Others, as eagles, hawks, gulls, 
&c. furprife us no lefs by the acutenefs of their fight. 
They perceive, from great heights in the air, mice, fmall 
birds, and minute fiflies in the water. 

One great caufe of the ditfufion of animals over every 
part of the globe, is to be derived from the diverfity of 
appetites for particular fpecies of food, implanted by Na- 
ture in the diiferent tribes. Some fifhes are only to be 
found in certain latitudes. Some animals inhabit the fri- 
gid, others the torrid zones ; fome frequent defarts, moun- 
tains, woods, lakes, and meadows. In their choice of 
fituation, they are uniformly determined to occupy fuch 
places as furnifli them with food accommodated to their 
natures. Monkeys, the elephant, and rhinoceros, fix on 
^he torrid zone, becaufe they feed on vegetables which 
tlourilh there during the whole year. The rein-deer in- 
habit the cold regions of the north, becaufe thefe coun- 

C c tries 



202 



THE PHILOSOPHY 



tries produce the greateft quantity of the lichen, a fpccics 
mofs, which is iheir beloved food. The pelican makes 
choice of dry and dciert placcR to lay her eggs. When 
her young are hatched, tlic is obliged to bring water to 
them from great dillanccs. To enable her to pertdrm 
this necLlfary office, Nature ha^; provided her -with large 
fac, which extends from the tip of the upper mandible of 
he" bill to the thv wt, and holds as much water as will 
fupply her brood fr>r feveral days. This water Ihe pours 
into the nelt to cool her young, to allay their thirlt, and 
to tench them to fwim. Lions, tigers, and other rapnci- 
ous a.umals, retort to thefe nelts, drink, the water, and 
are faid not to injure the young*. The goat afcends 
the rorky precipice, to crop rhe leaves of fhrubs, and other 
favourite plants. The floth and the Iquirrel feed upon 
the leaves and the fruit of trees, and are, therefore, fur- 
nifh'jtl with feet which enable them to climb. Water- 
fowls live upon filhes, inlefts, and the eggs of fifties. 
Their bill, neck, wings, legs, and whole Itrufture, are 
nicely fitted for eniibliug them to catcli the food atlapted 
to their Uucures. Their feeding upon the eggs of fifties 
accounts for that variety of tifhes which are ofteh found 
in lakes and pools on the tops of hills, and on high grounds 
remote from the fca and from rivers. The bat and the 
goat-lucker flv about during the night, when the whole 
air is filled with moths, and other nocturnal infetls. The 
bear, who acquires a prodigious quantity of fat during 
the fummer, retires to his den, when provifions fail him, 
in winter. For lome months, he receives his fole nou- 
riftiment from the abforptiun of the fat which had been 
previoufty accumulated in the cellular membrane. 

A glutton f , brought from Siberia to Dreldcn, eat 
every day, fays M. Klein, thirty pounds of flelh without 
being fatisfied. This fact indicates an amazing digeifive 
power in To fmall a quadruped ; for the Itory of his Iqueez- 
ing his fides between two trees, in order to make him 
disgorge, is a mere fable J. 

Siberia, Kamtfchatka, and the polar regions, are fup- 

pofcd 

♦ Amot n. Acad. vol. 2. p. 41. S. 

■f 'I he Malc'a Gu/o of Linnjcuj; the Gulo of Dr. Pallas. 
J Gaz. Littcrairc, vol. 1. p. 481. S. 
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pofed to be the abodes of mifery and defolation. They 
are, it muft be allowed, infefted with numerous ■^ribes of 
bears, foxes, gluttons, and other rapacious animai:.. But, 
it Ihould be confidered, that thefe voracious animals fup- 
ply the natives with both food and clothing. To elude 
the attacks of ferocity, and to acquire poffeffion of the 
^kins and carcafes of fuch creatures, the induftry and 
dexterity of favage nations are excited. The furs are 
demanded by foreigners. The inhabitants by this means 
learn commerce and the arts of life ; and, in the progrefs 
of time, bears and wild beads become the inftruments of 
polifliing a barbarous people. Thus, the moft fubftantial 
good often proceeds from apparent misfortune. 

There is hardly a plant that is not rejected as food by 
fome animals, and ardently defired by others. The horfe 
yields the common water-hemlock + to the goat, and the 
cow the long-leafed water-hemlock j| to the flieep. The 
goat, again, leaves the aconite §, or bane-berries, to the 
horfe, &c. Plants which aftbrd proper nourifhment to 
fome animals, are by others avoided, becaufe they would 
not only be hurtful, but even poifonous. Hence no plant 
is abfolutely deleterious to animal life. Poifon is only a 
relative term. The euphorbia, or fpurge, fo noxious to 
man, is greedily devoured by fome of the infect tribes. 

It is a maxim univerfally received, that every animal, 
after birth, grows, or acquires an augmentation of fize. 
The fpider-fly, however, affords an exception. The mo- 
ther lays an egg fo difproportionally large, that no perfon, 
without the aid of experience, could believe it to have 
been produced by this infett. When the egg is hatched, 
a fly proceeds' from it, which, at the moment of birth, 
equals the parent in magnitude. Upon a ftridter exa- 
mination of this egg, it has been difcovered, that the 
infed, while in the belly of its mother, undergoes a 
transformation into the nympth or chryfalis ftate : and 
that, inftead of a worm, a fly is produced from it, of 
the fame dimenfions as the parent. This diicovery, how- 
ever, does not .diminilli our wonder, that any animal 
ihould actually give birth to a fubftance as large as its 

own 
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own body, and that its fizc ftiould never afterwards re- 
ceive any :i ition ^. 

•When c- ; i. rs, lome time before their change, are 
deprived of food, they diminilh to at leait one half of 
their former fjze. Their chryfalids, of courfe, as well as 
the butterllies which proceed from them, are proportion- 
ally fmall. From this fadt we learn the importance of 
feeding all young animals well till they acquire their full 
growth. 

It is a remark, of the ingenious Reaumur, that fuch 
infects as feed upon dead carcafcs, and whofe fecundity 
is great, never attack live animals. The Helh-lly depolits 
her eggs in the bodies of dead animals, where her pro- 
geny receive that nourilhment which is bed fuitcd to their 
conititution. But this flv never attempts to lay her eggs 
in the Helh of found and living animals. If Nature had 
determined lier to obfervc the oppofite conduct:, men, 
quadrupeds, and birds, would have been dreadfully at- 
flided by the ravages of this fingle infcdk. Letl it might 
be imagined that the flefli-Hy fele«Sled dead,inftead of live 
animals, becaufe, in depofiting her eggs, flie was unable 
to pierce the fkin of the latter, M. de Reaumur made the 
following experiment, which removed every doubt that 
might arile on the fubjecl. He carefully pulled off all 
the feathers from the thigh of a young pigeon, and ap- 
plied to it a thin flice of beef, in which there were hun- 
dreds of maggots. The portion of beef was not fufficient 
to maintain them above a few hours. He fixed it to the 
thigh by a bit of gauze ; and he prevented the pigeon 
from moving, by tying its wings and legs. The mag- 
gots foon fhewed that their prefent fituation was difagree- 
ablc to them. Molt at them retired from under the ilicc 
of beef ; and the few that remained perifhed in a fhort 
time. Their death was probably occafioned by the degree 
of heat in the pigeon's body being greater than their con- 
ftitution could bear. Upon the fame pigeon M, de 
Reaumur perlormed another experiment. He took off 
the fkin from its thigh, laid bare the llefh, and applied 
immediately another flic« of beef full of maggot"?. The 

animak 
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animals difcoveied evident marks of uneafinefs ; and all 
of them that remained on the flefh of the pigeon were 
deprived of life, as in the former experiment, in lefs than 
an hour. Thus the degree of heat that is neceflary to 
fuch worms as inhabit the interior parts of animals, is 
deftruclive to thofe fpecies which Nature has deftined to 
feed upon the flefh of dead animals. Hence the worms 
fometimes found in ulcerous fores, muft belong to a diffe- 
rent fpecies from thofe upon which the above experiments 
were made. 

The growth of fome worms, which feed upon animal 
or vegetable fubftances, is extremely rapid. Redi remark- 
ed, that thefe creatures, the day after they efcaped from 
the egg, had acquired at leaft double their former fize. 
At this period he weighed them, and found that each 
worm weighed feven grains ; but that, on the day pre- 
ceding, it required from twenty-five to thirty of them to 
weigh a fingle grain. Hence, in about the fpace of 
twenty-four hours, each of thefe worms had become fromi 
155 to 210 times heavier than formerly. This rapidity 
of growth is remarkable in thofe maggots which are pro- 
duced from the eggs of the common Hefli-fly. 

Before we difmils this fubjedt, a few obfervations on 
that power, inherent in all animal bodies, of diflblving, 
and converting into chyle, every nutritive fubftance 
thrown into the flomach, merit attention. 

In order to explain the procefs of digeftion, fome phy- 
ficians and philofophers have had recourfe to mechanical 
force, and others to chemical aftion. The fupporters 
of mechanical force maintained, that the ftomachs of all 
animals comminuted, or broke down into fmall portions, 
every fpecies of food, and prepared it for being converted 
into chyle. The chemical philofophers, on the contrary, 
fupported the opinion, that the food was diifolved by a 
fermentation induced by the faliva and gaftric juices. 
The difputes which naturally arofe from thefe feeiningly 
oppofite theories, llimulated the inquiries of the ingeni- 
ous, and produced fevci al curious and important difcove- 
rieis. Reaumur, M^Bride, Stevens, Spallanzani, Hunter, 
have all exerted their iaduftry and talents upon this fub- 
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jefl. To give even an abridged view of their different 
labours would be tedious, and,' at the fame time, would 
not coincide with the delign of tliis work. 1 Hiall, there- 
fore, confine mvfelf to fome refults of their exp^^ricnce 
and labour>\ Spallanzani, who is a volununous wr;r^?r 
on this fubjed, relates not only the difcovtrie.^ of his 
predeceflbrs, but has enriched his work w'vh numerous 
experiments and obl'ervations made by lumfelf. In his 
inveltigation of the procefs of di-oUion, uul the acklon 
of the ftomach, he obferves the following order : 

I. He treats of animals with ftrong muft uLir ifoniachs, 
as common fowls, turkeys, ducks, geefe, pigeons, &c. 
c. Of animals with llomachs of an intermediate confifU 
ence, as crows, herons, kc. 3. Of animals with mem- 
branous llomachs, as frogs, lizards, earth and water 
fnakes, vipers, fifties, flieep, the ox, the horfe, the owl, 
the falcon, the eagle, the cat, the dog, man, &c. 

With regard to birds which are furnilhed with mufcular 
ftomachs, or gizzards, Spallanzani, in imitation of Reau- 
mur, procured fmall glafs and metal balls and tubes, 
perforated with many holes. Thefe he filled with difte- 
rent kinds of food, and forced them down the throats of 
common fowls, turkeys, &c. He filled balls with barley, 
or other grains, in their entire (late, and allowed them 
to remain in the itomachs of ducks, turkeys, and other 
fowls, for twenty-four, and, in lome cafes, for foi ty-cif^ht 
hours. He then killed the animals, took the balls out of 
their ftomachs, and, after examining the grains atten- 
tively, he could not difcover that the galtric juice, to the 
adion of which they were fully expofed by the numerous 
holes in the balls, had made the fmalleft in-iprcHion upon 
them. They fuffered no diminution of fize, and exhi- 
bited no marks of diflblution. Thefe experiments he 
often repeated upon a number of fowls provided with 
mufcular ftomachs, and the event was uniformly the fame: 
In no initance did the gaftric juice produce any folvent 
cftecl: upon the grain contained in the balls. After thefe 
unfuccefsful attempts, he fufpeded, that, though the 
gaftric juice was unable to dilfolve grains in their entire 
itate, it might act as a menftruuni upon them when luf- 
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ficlently mafticated or bruifed. To afcertain this point, 
he afterwards filled his bails with bruifed grains, and intro- 
duced ihem into the ftomachs of different fowls, as cocks, 
ducks, turkeys, wood-pigeons, &c. In all the numerous 
trials he made with bruifed grain, he invariably found, 
that the grain was more or lefs diffolved in proportion to 
the time the balls were allowed to remain in the ftomach. 

Reaumur and Spallanzani, in the courfe of their expe- 
riments upon the digeflion of birds with mufcular fto- 
machs, difcovered a wonderful comminuting force which 
thefe ftomachs poffefs. When tin tubes full of grain were 
thrown into the ftomachs of turkeys, and allowed to con- 
tinue there a confiderable time, they were found to be 
broken, cruftied, or diftorted, in a moft fmgular manner. 

* Having found,' fays Spallanzani, ' that the tin tubes 
' which I ufed for common fowls were incapable of re- 

* fifting the ftomach of turkeys, and not happening at 

* that time to be provided with any tin plate of greater 
' thicknefs, I tried to ftrengthen them, by foldering to 
' the ends two circular plates of the fame metal, perfo- 
' rated only with a few holes for the admiftion of the 
' gaftric fluid. But this contrivance was inefFedual ; for 
' after the tubes had been twenty hours in the ftomach of 
' a turkey, the circular plates were driven in, and fome 
' of the tubes were broken, fome compreffed, and fome 
' diftorted, in the moft irregular manner 

The fmooth and blunt fubftances formerly employed, 
Spallanzani remarks, though fo violently a^ted upon, 
could not injure the ftomach ; he therefore tried what 
effedls would be produced by fliarp bodies thrown into 
the g'.zzards of fowls. He found that the ftomach of a 
cock, in the fpace of twenty-four hours, broke off the 
angles of a piece of rough jagged glafs. Upon examining 
the gizzard, no wound or laceration appeared. ' Twelve 
' ftrong tin needles,' fays Spallanzani, ' were firmly fixed 
' in a ball of lead, the points projecting about a quarter 

* of an inch from the furface. Thus armed, it was co- 
' vered with a cafe of paper, and forced down the throat 
■ of a turkey. The bird retained it for a day and a half 

' without 

* Spallanzani's DifTertation?, vol. i. p. 12. S. 
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* without fhowin?; the leaft fymptom of un.'ar'iiefs. Why 

* the flomach Ihould have received no iniury fn>m lb 
' horrid an inlii ument I cannot exoKiin: 1 he points at 
' the twelve needles were broken off clofe to the iurtace 

* of the ball, except two or three, of which the flumps 

* proitcted a little hi^^^her. — i'wo of the points of the 
' needles were found among the food ; the other ton 1 

* could not diicover, cither in the flomach or the long 
' track of the inteflines ; and therefore concluded, that 

* they had paffcd out at the vent f / 

The fame author made a fecond experiment feemingly 
ftill more cruel. He fixed twelve fmall lancets, very 
Hiarp both at the points and edges, in a limilar ball of 
Jead. * The lancets,' fays he, ' were fuch as 1 ufe for 

* the diflfedion of fmall animals. The ball was given to 
' a lurkev cock, and left eight hours in the flomach ; at 

* the expiration of which time that organ v^^as opened ; 

* but nothin T appeared except the naked ball, the twelve 
' lancets having been broken to pieces. I difcovered three 
' of them in the large inteliines, pointlefs, and mixed 

* with the excrements ; the other nine were mifling, and 
' had probably been voided at the vent. The flomach 
' was as found and entire as that which had received the 

* needles. Two capons, of which one was fubjeded to 
' the experiment with the needles, and the other with the 
' lancets, fullained them equally v/ell.' 

The fmall flones ib commonly found in the ftomachs 
of many of the feathered tribes, have been fuppofed to 
Iheath the gizzard, and to enable it to digeff, or at leafl: 
to break down into fmall fragments, glafs, iron, wood, 
ftones, and other hard, and even lharp-pointed, fubflan- 
ces. Spallanzani has endeavoured to prove, that the muf- 
cular adion of the gizzard is equally powerful, whether 
the fmall (iones are prefent or abfent. To afcertain this 
point, he took wood-pigeons the moment they efcapcd 
from the egg, fed and nurled them himfelf till they were 
able to peck : ' They were then,* continues our author, 
' confined in a cage, and fupplied at firfl with vetches 

* foaked in wam\ water, and afterwards in a dry and hard 

' flatc. 
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* ftate. In a month after they had begun to peck, hard 

* bodies, fuch as tin tubes, glafs globules, and fragments 
' of broken glafs, were introduced with the food. Care 
' was taken that each pigeon fliould fwallow only one of 

* thefe fubftances. In two days afterwards they were 

* killed. Not one of the ftomachs contained a fingle 

* pebble ; and yet the tubes were bruifed and flattened, 
' and the fpherules and bits of glafs blunted and broken : 
' This happened alike to each body ; nor did the fmalleft 
' laceration appear on the coats of the llomach.' From 
feveral experiments of a fimilar nature, and accompanied 
with the fame events, Spallanzani concludes this fubje6: 
with that candour which is always a genuine charader- 
ilUc of a real philofophic fpirit. Upon the whole, ' it 
' appears,' fays he, ' that thefe fmall ftones are not at all 
' necelTary to the trituration of the firmefl: food, or the 
' hardeft foreign fubftance, contrary to the opinion of 
' many anatomifts and phyfiologifts, as well ancient as 
' modern. I will not, however, deny that, when put in 
' motion by the gallric mufcles, they are capable of pro- 

* ducing fome effcft on the contents of the ftomach.' 

The celebrated Mr. John Hunter, iii his Obfervations 
on Digejiion *, fairly quotes the modeft conclufion of Spal- 
lanzani. But, he infifts that ftones are extremely ufeful 
in the comminution of grain, and other fubftances, which 
conilitute the food of many fowls. ' In confideiing,* 
Mr. Hunter remarks, ' the ftrength of the gizzard, and 

* its probable effefts when compared with the human ilo- 
' mach, it muft appear that the gizzard is, in itfelf, very 
' fit for trituration. , We are not, however, to conclude, 

* that ftones are entirely ufelefs ; for, if we compare the 
' ftrength of the mufcles of the jaws of animals who 
' mafticate their food, with thofe of birds who do not, 

* we ftiall fay, that the parts are well calculated for the 
' purpofe of maftication ; yet we are not from thence to 

* infer, that the teeth in fuch jaws are ufelefs, even al- 
' though we have proof that the gums do the bufniefs 

* when the teeth are gone. If ftones are of ufe, which 
' we may rcc^fonably conclude they are, birds have an 

D d ' advantage 

* Pa^e 156. 
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* advantage over animals having teeth, i'o far as floncs arc 
' always to be Ibund, while the teeth are not renewed. — 

' If we conltantly find in an organ fubftanci s w hich can 
' onlv be fubfervient lo the fundiona of that organ, lliould 
' we deny them that ufe, although the part can do its 
' office without theiu ? — The Itones ailift in grinding down 
' the grain, and, bv feparating its parts, allow the gallric 
' juice to come more readily in contact with it.' 

The next feries of experiments were made upi)n ani- 
mals with what Spallanzani denominates intermediate 
ftomachs between the mufcular and membranous, as ra- 
vens, crows, herons, ^cc. The power and adion of thefe 
intermediate lloniachs are fuperior to thofe of the membra- 
nous kind, but greatly inferior to thofe of the mufcular. 
The tin tubes, or balls, which pigeons and turkeys foon 
flatten and disfigure, remain unaltered in the llomach of 
crows. Their gaibic mufcles, however, are by no means 
inert. Though they are unable to comprefs or dillort 
tin tubes, they are capable of producing this elfedl upon 
thin tubes of lead. Birds whofe flomachs arc of an in- 
termediate kind, with regard to the thicknefs and ftrength 
of their mufcular coats, may be denominated omnivorous. 
They eat grafs, herbs, grain, and llefli of every kind. 
When we make experiments upon the digcfUve powers 
of gallinaceous birds, the animals muft be killed before 
we can learn w hat cilfecls have been produced on the fub- 
ftances inclofed in the balls or tubes. But, on crows and 
ravens, experiments of this kind may be repeated as of- 
ten as we pleafe, witiiout ueflroying a fingle individual. 
Subftances which they are incapable of digelling, as me- 
tallic tubes, they have the . power of difgorging, or re- 
turning by the mouth, in the fame manner ;ls falconj;, 
and other birds of prey, throw up the feathers and hair 
of the animals they have devoured. In birds of prey, 
this vomiting is commonly performed every iwentv-four 
hour? ; but, in crows, it liappens at leafl every nine, and 
not unfrequently every two or three hours. 

Spallanzani, as in the former experiments, thrull dov» n 
perforated tubes, fdled with dilfcrent fubllances, into tlir 
I'lomachs of crov. s. Tliele tubes were uniformly thrown 

up 



OF NATURAL HISTORY. 211 



up by the animals in a few hours. When the tubes were 
filled with entire grains, as wheat or beans, he found that 
the gaflric juice, though the tubes, by being repeatedly 
forced down, continued in the llomach for the fpace of 
forty-eight hours, had exerted no folvent power. Ar, the 
hufks of the feeds refilled the action of the gaftric juice, 
he bruifed them, and repeated the expeiimenr. ' Four 

* tubes full of this coarfe tlour,' fays he, ' were given to 
' a crow : They remained eight hours in the Itomach, 
' and proved the juftnefs of my fufpicion ; for, upon exa- 
' mining the contents, I found above a fourth part want- 
' ing. This could arife from no other caufe but folution 
' in the gallric liquor, with which the remainder was fully 
' impregnated. Another obfervation concurred in prov- 
' ing the fame propofition : The largeft bits of wheat and 
' bean were evidently much dimiflied. This mufl have been 
' owing to the galtric liquor having corroded and dilVolved 
' good part of. them, as the nitrous acid, diluted with a 
' large quantity of water, gradually confunies calcareous 
' fubftances. 1 replaced what remained of the feeds in the 
' tubes, and committed them again to the flomach, wherc- 
' in they remained, at difl'erent intervals, twenty-one 
' hours ; at the end of which ' period they v/ere entirely 
' dilTolved ; nothing being left but fome pieces of hufl;, 
' and a few inconfiderable fragments of the feeds. Wheat 

* and beans floating loofe in the cavity of the ftomach, 
' undergo the fame alteration as in the tubes. When I 
' fed my crows with thefe feeds, I obferved, that, before 
' they fwallowed them, they fet them under their feet, and 
' reduced them to pieces by repeated ilrokes of their long 
' and heavy beaks : And now they digcfted them very 
' well ; nay, this procefs was very rapid in comparifon ot 
' that vvhich took place within the tubes. But, when the 
' birds, either from exceffive hunger, or violence, fvullow- 
' ed the feeds entire, the greateft part of them pafl'ed out 

* entire at the anus, or were vomited. We cannot, there- 
' fore, be furprifed, that the gallric juice could not dif;blve 
' them v;ithin the tubes, fmce it was incapable of eltecl:- 
' ing this procefs within the cavity of the ftomach, where 
' its folvent power is far fuperior.* 

Similar 
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Similar experiments were made with French beans, 

peafe, nut-kcriicis, bread, apples, and dificrcnt kinds of 
Helh and fifh, all of which were diflblvcd, both in tubes, 
and in the cavity of the ftomach, by the gallric juice. 

iSpnlli.nzani finifhes his experiments on digellion with 
thole r.'iimals which have thin membranous flomaclis. 
This cla^s comprehends an immenfe number of fpecies, as 
mar, quadrupeds, fifties, reptiles. In thefe, the coats of 
the flomach feem to have little or 'no a«Ilion upon their 
contents, the gaft:ric juice being fully fufficient to break 
down the food, and reduce it to a pulp. 

With regard to man. Dr. Stevens, in an Inaugural Dif- 
fertation concerning Digeftion, publiftied at Edinburgh 
in the year 1777, made fcvcral experiments upon a Ger- 
man, who gained a miferablc livelihood by fwallowing 
ftones for the amufement of the people. He began this 
ftrange practice at the age of fcven, and had at that time 
continued it about twenty years. He fwal lowed fix or 
eight Hones at a time, fome of them as large as a pigeon's 
egg, and paffed them in the natural way. Dr. Stevens 
thought this poor man would be an excellent fubjcd for 
afcertairjng the folvent power of the gaftric juice in the 
human ilomach. The Dodor, accordingly, made ufe of 
him for this purpofe. He made the German fwallow a 
hollow filver fphere, divided into two cavities by a parti- 
tion, and perforated with a great number of holes, capa- 
ble of admitting an ordinary needle. Into one of thefe 
cavities he put four fcruples and a half of raw beef, and into 
the other five fcruples of raw bleak. In twenty-one hours 
the fphere was voided, when the beef had lofl a fcruple and 
a half, and the fifti two fcruples. A few days afterwards, 
the German fwallowed the fame fphere, which contained, 
in one cavity, four fcruples and four grains of raw, and, 
in the other, four fcruples and eight grains of boiled beef. 
The fphere was returned in forty-three hours : The raw 
flefh had lofl one fcruple and two grains, and the boiled 
one fcruple and fixteen grains. Sufpefling that, if thefe 
fubltanccs v,'ere divided, the folvent would have a freer 
accefs to ihcm, and more of them would be diflblved, 
Pr. Stevens procured another fphere, with holes large 

enough 
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enough to receive a crow's quill. He inclofcd fome beef 
in it a little mafticated. In thirty-eight hours after it was 
fwallowed, it was voided quite empty. Perceiving how 
readily the chewed meat was diifolved, he tried whether 
it would dilTolve equally loon without being chewed. 
With this view, he put a fcruple and eight grains of pork 
into one cavity, and the fame quantity of cheefe into the 
other. The fphere was retained in the German's ftomach 
and inteftines forty-three hours ; at the end of which time, 
not the fmalleft quantity of either pork or cheefe was to 
be found in the fphere. He next fwallowed the fame 
fphere, which contained, in one partition, fome roafled 
turkey, and fome boiled fait herring in the other. The 
fphere was voided in forty-fix hours ; but no part of the 
turkey or herring appeared ; for both had been complete- 
ly diifolved. Having diicovered that animal fubfrances, 
though inclofed in tubes, were eafily diifolved by the gaf- 
tric juice, the Doftor tried whether ii would produce the 
fame effed^t upon vegetables. He, therefore, inclofed an 
equal quantity of raw parfnip and potato in a fphere. 
After continuing forty-eight hours in the alimentary canal, 
not a veilige of either remained. Pieces of apple and 
turnip, both raw and boiled, were diifolved in thirty-fix 
hours. 

It is a comfortable circumftancc, that no animal, per- 
haps, except thofe worms which are hatched in the human 
intelHnes, can refilt the diifolving power of .the gaftiic 
juice. Dr. Stevens inclofed live leeches, and earth-worms, 
in different fpheres, and made the Germ;in fwallow them. 
When the fpheres were difcharged, the animals were not 
only deprived of life, but completely diifolved, by the 
operation of this powerful menftruum. Hence, if any 
live reptile Ihould chance to be fwallowed, we have no 
reafon to apprehend any danger from fuch an accident. 

The German left Edinburgh before t!ie Doctor had an 
opportunity of making a farther progrefs in his experi- 
ments. He therefore had recourfe to dogs and ruminat- 
ing animals. In the courfe of his trials upon the folvent 
power in the gaftric fluid of dogs, he found that it was 
capable of diifolving hard bones, and even balls of ivory ; 
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but that, in equal times, very little iinprcfTnm was made 
upon potatoes, pdrfnip, and other vegetable fuhllances. 
On the contrary, in the ruminating animals, as the Iheep, 
the ox, kc. he difcovercd, that their gnllric juice fpcedily 
diflblved vegetables, but made no imprcllion on beef, 
mutton, and other animal bodies. From thefe lafl expe- 
riments, it appears, that the different tribes of animals 
are not lefs diltinguiflied by their external figure, and by 
their manners, than by the quality and powers of their 
gaflric juices. Dogs are unable to digefl vegetables, and 
fliecp and oxen cannot digefl animal lubflanccs. As the 
gaflric juice of the human ftomach is capable of diflolv- 
ing, nearly with equal cafe, both animals and vegetables, 
this circumflance allbrds a flrong, and nlmoft an irrefifli- 
ble, proof, that Nature originally intended man to feed 
promifcuoufly upon both. 

Live animals, as long as the vital principle remains in 
them, arc not affeded by the folvcnt powers of the fto- 
mach. ' llencc it is,' Mr. Hunter remarks, ' that we 
' find animals of various kinds living in the llomach, or 

* even hatched and bred there; but the moment that any 

* of thefe lofe the Jiving principle, they become fubjecl to 
' the digcftive powers of the llomach. If it were pollible, 

* for example, for a man's hand to be introduced into 

* the ftomach of a living animal, and kept there for fomc 
' confiderable time, it would be found, that the difTolvent 

* powers of the flomach could have no efVedl: upon it : But, 
' if the fame hand were feparated from the body, and 
' introduced into the fame ftomach, we fhould then find, 

* that the flomach would immediately acl upon it. In- 
' deed, if this were not the cafe, we fhould find that 
' the ftomach itfelf ought to have been made of indigefli- 

* ble materials ; for, if the living principle was not capa- 

* ble of preferving animal fubflanccs from undergoing 
' that procefs, the ftomach itfelf would be digefled. But 
' we find, on the contrary, that the ftomach, which at 
' one inftant, that is, while poffefTed of the living prin- 
' ciple, v.as capable of refifting the digcftive pov/ers which 
' It contained, the next moment, viz. when deprived of 
' the living j^rinciplc, is itfelf cap. V' of l^eing digcfted, 

' cither 
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' either by the digeflive powers of other ftomachs, or by 
' the remains of that power which it had of digefting 
' other things.* 

When bodies are opened fome time after death, a con- 
fiderable aperture is frequently found at the greateft ex- 
tremity of the llomach. ' In thefe cafes,' fays Mr. Hun- 
ter, ' the contents of the ftomach are generally found 

* loofe in the cavity of the abdomen, about the fpleen 
' and diaphragm. In many fubjedls, this digeftive power 
' extends much farther than through the ftomach. I have 
' often found, that, after it had dilfolved the ftomach at 
' the ufual place, the contents of the ftomach had come 
' into contadt with the fpleen and diaphragm, had partly 
' diiTolved the adjacent fide of the fpleen, an^ had dif- 

* folved the ftomach quite through ; fo that the contents 
" of the ftomach were found in the cavity of the thorax, 

* and had even affected the lungs in a fmall degree.' 



CHAPTER IX. 

Of the Sexes of Animals and Vegetables; 



SECTION I. 

Of the Sexes of Animals. 

ALL the larger and more perfect animals are dlftin- 
guiflied by the fexes of male and female. The bodies 
of males, though not without exceptions, are, in general, 
ftronger, larger, and more adive, than thofe of the fe- 
males. In the human fpecies, the male is not only larger 
than the female, but his mufcular hbres are firmer and 
more compatt, and his whole frame indicates a fuperior 
ftrength and robuftnefs of texture. He does not acquire 
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his full growth, and beft form, till he arrives at the age 
of thirty years. But, in women, the parts arc rounder, 
and their mufcular fibres more feeble and lax than ihofe 
of men, and their growth and form are perfect at the age 
of twenty. A fimilar ohfcrvation is applicable to the 
minds of the two fcxes. Man is, comparatively, a bold, 
generous, and enterprifing animal. Women, on the con- 
trary, are timid, jealous, and difpofed to adlions which 
require lefs agility and flrenglh. Hence, they are entitled 
to claim, and, by their amiable weaknelTes, they actually 
receive, our protedion. Men are endowed with majelty 
of figure and force of mind ; but beauty, and the graces, 
are the proper charafteriftics of women. The laxity and 
foftncfs of* their texture may, in fome meafure, account 
for the timidity and lilUeffnefs of their difpofition ; for, 
when the boilies of men are relaxed by heat, or by any 
other caufe, their minds become not only timid, but weak, 
undetermined, and inactive. 

The focial intercourfe of women foften? the difpofitions, 
and foothes the cares and labours of the men. Their 
little female humours, caprices, and follies, give rife to 
many exertions of virtue. They excite in us compaflion, 
humanity, and tendernefs of afte£lion. The delicacy of 
their bodies, and the weaknefs of their minds, require 
our fupport and proteclion. In retu;-n, the gentle and • 
infinuating manners of the women have a dire^:t tendency 
to foften and fmooth the natural roughnefs of men. lu 
mofl governments, women have the entire management 
and training of children, till their characters and difpo- 
fitions are almofl: fixed for life. This is an important 
office ; and would require more education and fenfe 
than they commonly receive either from nature or art. 
Bfit, their perfevering and unremitting attention to their 
charge, efpecially when children are lick or weakly, is fo 
truly aflonifliing, that no man could have patience to 
perform the laborious and painful talk. Women arc like- 
wife faid to fufl'er bodily pain with more refolution than 
men. Women reafon rapidly ; but their reafoning, though 
often acute, is feldom folid. 

Modelty is one of the mod diftingulfhing and attractive 

charac- 
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characlcriftics of the female fax. This is the great defence 
with which Nature has armed them againfl the artifices 
and deceit of the males. Modefty has a double effecl:-: 
It both attracts and repels. It heightens the defire of the 
male, and deters him from rudenefs, or improper beha- 
viour. Were women deprived of this amiable quality, 
all their charms would vanifh, and the ardour of love 
would be extinguiflied. It is, therefore, not only the 
intereft of females to cultivate modefty, but to guard, 
with the moft anxious attention, againft the fmalleft en- 
croachments. Every attack, however apparently infigni- 
ficant, ftiould be repelled with fpirit and intrepidity. To 
men of fenfibility, a fmgle glance of the eye wil^tell them 
their conduct is improper, and make them not only in- 
itantly defift, but prevent any future attempt. There is 
no part of the female character which men revere fo much 
as modefty. It is the brighteft and moft valuable jewel 
with which a woman can be adorned. A fine woman 
without modefty, inftead of gaining the afFe£lions of men, 
becomes an objed of contempt, and even of difguft. It 
is equally the intereft of men to cherifti, and not to injure 
by indelicacy, a quality from which they derive fo much 
pleafure and advantage. 

It is not unworthy of remark, that modefty is by no 
means confined to the human fpecies. Evident traces of 
it are dilcoverable in the brute creation. Even fo low as 
the mfed tribes, moft females repel the firft attacks of the 
males. If this is not modefty, it has all the effects of it ; 
for it heightens the refped and affedtion of the males, 
and makes them employ every alluring art to procure the 
regard of the female. 

It is a curious fad, that moft carnivorous quadrupeds 
are more averfe from devouring women than men. The 
bears of Kamtfchatka follow the women, when gathering 
wild fruits in the woods, and, though moft rapacious 
animals, do them no farther harm than robbing them of 
part of the fruit *. The afpe6t of man being more bold, 
may, perhaps, create an idea of competition and danger, 
and excite the ferocity and courage of the animal. There 

E e feems 



* Gazette Lrteraire, vol. l, p. 482. •?, 
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fecms to be an inflindive refpe£t, if not dread, of the 
human kind iiuj-lanted in moft animals. If this be the 
cale, the above fad amounts to a high compliment to the 
women ; for they receive more favour from the brute cre- 
ation than men. 

With regard to animals, in general, the intercourfo of 
fexes is neceffary for the multiplication of the fpecief?. 
But, as formerly remarked *, feveral of the lower tribes 
are enabled to multiply without the intervention of the 
fexes. In fome animals, both fexes are combined in each 
individual. The earth-worm, fnails, and feveral fhell- 
iifhes, are hermaphrodites ; and yet the conjunction of 
two is neteflary for their multiplication. Mr. Adanfon, 
in his Account of Senegal, mentions fome fliell-animals 
which, in order to produce, require the union of three 
individuals. In the polypus, no appearance of fexual 
diflinclion has hitherto been difcovered. Nature, how- 
ever, has not denied them the power of multiplication, 
which is effected in a very fmgular manner f . Caterpillars 
of every denomination are totally deflitute of fexes, and 
are incapable, while they remain in that ftate, of multi- 
plying their fpecies. But, after their transformation into 
flies, the diitindion of fexes is apparent, and their fertility 
is exceedingly great. 

Among the larger animals, the difference of fize and 
figure between males and females is not remarkable. The 
moil ftriking dillindions arife from the horns, the tufks, 
the creft, &c. whfch adorn the head of the male, and 
are often wanting in the female. But, among the infed 
tribes, fome males differ fo greatly from the females, that 
they have the appearance of belonging to a feparate ge- 
nus. In fome butterHies, for example, the female is de- 
ftitut ! of wings, while thofe of the male are very large. 
The male and female of thofe animals called gall-rnfeds 
bear no proportion to each other, either in fize or in 
figure. They adhere for feveral months to the (terns and 
branches ot plants, fhrubs, and trees, without any ap- 
parent m ■. ment. They have every appearance of galls, 
being of a ([ hcrical or oval figure, from which circum- 

ilancc 

* Sec thap. J. pa^. li-}. &c, S, ^ it.i(J. S. 
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ftance they have received their denomination, and were 
long confidered as vegetable fubftances, deftitute of every 
degree of animation. Reaumur, however, by a ftricl ex- 
amination of the changes they undergo, and of their in- 
ternal ftructure, difcovered that thay belong to the animal 
kingdom. He found that they contained thoufands of 
fmail eggs, and that, from thefe eggs, fmall animals were 
produced, which ran about with fome quicknefs, and 
ipread themfelves all over the tree, or bufli. After fome 
days they attach themfelves to the flem and branches, 
remain immoveable, and gradually increafe to their full 
dimenfions, when their bodies are found to contain num- 
bers of eggs. As the perfedl; animal had no apparent 
motion, and yet multiplied its fpecies, it was fifft thought 
to be an hermaphrodite of a fingular kind, and that it 
was capable of producing without any foreign aid. But 
Reaumur difcovered that they were impregnated by fmall 
flies, and that thefe fmall flies were male gall-infeds. The 
head, the body, the breafl;, and the fix limbs of this 
fly, are of a deep red colour ; and the wings, which are 
proportionally large, are white, bordered with a band of 
line carmine red. In the month of April, he perceived 
numbers of thefe flies wandering about on the gall-infedls. 
He obferved that they pierced the covering of the gall- 
infeds with a kind of fl;ing fliaped like a needle. This 
circumftance created a fufpicion that thefe flies were the 
males, and that this was their mode of impregnating the 
eggs of the female. To afcertain this point, he opened 
a number of gall-infedls, which had no uncommon ap- 
pearance, and, in fome of them, he found the males, 
in every fl:age of their exiftence, till they pierced the ex- 
ternal covering, came out in the form of perfed flies, 
and attached themfelves, as ufual, to the females. The 
glow-worm, an animal condemned to crawl perpetually 
on the furface of the earth, is a female ; and the male, 
inftead of a reptile, is a fcarabseus, or beetle, furniflied 
with four wings. A fpecies of phofphorus, emitted from 
the body of the female, excites the attention of this ap- 
parently-ftrange male, who darts down upon her, and 

actually 
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aftually enables her to continue the kind *. The female 
oi another fpecies of beetle is a perfect reptile, and has 
not the fnnilcil: veliipje of wings. But, the male is a real 
beetle with tour wings, and is fo difproportioiied to the 
female in fizc, that their junction ihould appear to be 
equally fiagular z< that of a ram with an elephant. With 
regard to the pucerons, or vine-fretters, the males are 
"winged ; but the females remain duiing life totally delli- 
tute of wings. In fome fpecies of them, however, the 
females have wings, and thefe inltrumcnts of motion are 
denied to the males. Between the fize of the male and 
female pucerons, there is likewilc a remarkable difpro- 
portion. The males, particularly thofc which have no 
wings, ar? fo comparatively fmall, that they run about, 
like the male gall-infeds, upon the backs of the femriles. 
While this excrcife continues, which is often very long, 
the fcn^ale remains almoft motionlcfs. The more infen- 
fibility and lidleilnefs Ihown by the female, the male ex- 
Iiibits the greater ardour and agility. In this fituation he 
paflTes whole days without taking any nourlihment. 

In birds of prey, the females are larger, Jhonger, fier- 
cer, and more beautiful than the males. This fuperiority 
of ftrength and magnitude is conferred on the females, 
becaufe, in general, they are obli^^ed to prorure food both 
for themfeives and for their progeny. Vultures, how- 
ever, arc to be excepted ; for the males are equal in fize, 
if thev do not exceed that of the females. In the galli- 
naceous tribe of birds, on the contrary, the males are 
larger, more beautiful, and more courageous, than the 
females. The peacock, the turkey, the pheaiant, and 
the dunghill cock, are remarkable examples. Dunghill 
cocks, efpecially that kind of them which arc called 
game-corks, are the moft intrepidly bold and high-fpiritcd 
animals in the creation. Nothing but abfolute death can 
maiie the:n yield to an antagonift. In the domeftic ftate, 
at leall, this intrepidity, and this daring fpirit, refult from 
competition, and jealoufy of rivals. Game-cocks, to the 
difgrace of humanity, are fed and trained with the mod 

fcrupulous 

♦Reaumur. Ocuvres dc Bonnet, torn. 2. p. 87. cdJt. 8vo. S. 
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fcrupulous attention. For what purpofe ? For the cruel 
amufenient and fortuitous emolument of gamblers. 

That there are natural hermaphrodites, 1 have formerly 
mentioned. But, in man, dogs, cats, unnatural herma- 
phrodites, if they ever exift, are fo rare, that the celebrat- 
ed anatomift, Mr. Hunter, declares he never faw a fmgle 
example. But, in the horfe, the afs, black-cattle, and 
fheep, he has feen many hermaphrodites. It is faid to be 
a known fa6:, that, when a cow brings forth two calves, 
one of them a miale, and the other a female, the female is 
incapable of propagation, but that the male is a pertect 
animal. In England, a cow-calf brought forth with a 
bull-calf is denominated a free martin^ and is as well 
known among farmers as either cow or I ull. ^r. Hun- 
ter remarks, that a cow-calf, brought forth in the fituation 
above mentioned, may be either a free martin or a perfe£t 
female. ' For,* he remarks, ' I have reafon to beiieve, 
' that, in black cattle, fuch a deviation may be produced 
' without the circumftance of twins ; and, even when 
' there are twins, the one a male, the other a female, 
^ they may both have the organs of generation perfectly 
* formed *.* What is called a free niartin^ or hnperfedt 
hermaphrodite, as far as obferVation has hitherto extend- 
ed, is confined to black-cattle. The free martin has all the 
external characleiiilics of a female calf. When animals 
of this defcription are preferved by farmers, it is not for 
the purpofe of propagation, but for yoking with the oxen, 
or fattening for the table. They neither breed, nor, what 
is curious, do they difcover the fmallell inclination for the 
male, nor does the bull pay the leaft attention to them. 

The free martin, in figure, refembles the ox, or fpayed 
heifer. It is confiderably larger than the bull or cow, and 
its horns are fimjlar to thofe of the ox. ' The belly of 
' the free martin,' fays Mr. Hunter, ' is fimilar to "that of 
' an ox, having more refemblance to that of the cow than 
^ of the bull. Free martins are very fufceptible of grow- 
' ing fat with food. The flefli, like that of the ox, or 
' fpayed heifer, is in common much finer in the fibre than 
' either the bull or cow, and is^fuppofed to exceed that ot 

* the 

* Hunter's OblcivauoHS on the Animal CEconomy. p. 49. S. 
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* the ox or heifer in delicacy of flavour, and bears ahiqh- 
' cr price at market *.* The Romans feem to have had 
fome knowledge of free martins, though they have not 
tranfmilted to us any peculiarities in the ftruclure of thefe 
animuls. With them, tauriis was the generic name of the 
ox kind. They likewife mention taura,^ by which, it is 
thought, they meant barren cows. Columella, when talk- 
ing of cattle, fays, ' and, like the taura:^ which occupy 
' the place of fertile cows, fliould be rejeclcd f.* Varro 
Kkewife informs us, that ' the cow which is barren is 

* called taura* 

Mr. Hunter gives an anatomical defcription of three 
free martins, the moil perfed of which we ihall tranfcribe. 

' Mr. Arbuthnot's Free Martin §. 

* The external parts were rather fmallcr than in the 

* cow. The vagina paffed on, as in the cow, to the open- 

* inc;- of the urethra, and then it began to contracl into 

* a fmall canal, which paffed on to the divifion of the 
' uterus into two horns ; each horn paffed along the 

* edge of the broad ligament laterally towards the ovaria. 

* At the tcrminarion of thefe horns were placed both the 

* oraria and the tefticles ; both were nearly of the fame 

* fize, which was about as large as a fmall nutmeg. To 

* the ovaria I could not find any Fallopian tube. To the 

* teflicles were vafa dcfercntia ; but they were imperfeft. 

* The left one did not come near the teflicle ; the right 

* one came clofe to it, but did not terminate in a body 

* called the epididymis. They were both pervious, and 

* opened into the vagina near the opening of the urethra. 
' On the poftcrior furface of the bladder, or between the 

* uterus and bladder, were the two bags called 'veficula 
*■ feminalcs in the male, but much fmaller than what they 

* are in the bull : The dufts opened along with the vafa 
' deferentia 

SECTION 

• Hunter'* Obfcrvations On the Animal (Economy, p. 50. S. t Columella, 
lib. 6. cap. 22. S. 

^ ' This animal wai fcvcn years old, had been often yoked with ihc oxea« at 

* oth: r timcj went with ihc cows and bull, but never fliowedany dcfircs rurcithei 
' the 00c o. the other.' 

\ Hunter's Obfcrvations on the Aninidl (Economy, p. 52. S. 
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SECTION II. 

Of the Sexes of Plants. 

WHEN an hypothefis, or theory, has obtained a 
general reception among even the enlightened part 
of mankind, it is extremely difficult to eradicate the pre- 
judice, either by arguments or by fafts. There is not a 
notion more generally adopted, than that vegetables have 
the diftindion of fexes, and that the influence of what is 
called the male is indifpenfibly neceflary to the fecunda- 
tion of the female, or feed-bearing plant : A notion which 
I have long confidered as a ftriking example of the dan- 
ger of raflily yielding aifent to the alluring fedudions of 
analogical reafoning *. 

Every perfon who is acquainted with the fexual theory 
of vegetables, and with the arguments by which it is de- 
fended, muft acknowledge, that its principal fupport is 
derived from the many beautiful analogies which fubfift 
between plants and animals. Becaufe all animals were 
fuppofed to propagate by fexual embraces, and becaufe 
plants refembled animals in their growth, their nourifli- 
ment, their dilTtmination, and decay, it was therefore 
concluded, that all vegetables were either male, female, 
or hermaphrodite ; and that fexual commerce was equally 

neceflary 

* The fubflance of the following fafls, and reafoning, was delivered, atove 
twenty years ago, in the Botanic Garden at Edinburgh, in prefcnce of the late 
worthy and learned Dr. Hope, and his ftudents. Di . Hope, in order to excite 
induftiy and attention in his piinils, appointed annually four of their number to 
give a leflure, or difcourfe, upon fome boianical fubjcft, which he prefcribed to 
them. To me the Proftlfor affigned the Sexei of Plants, with the liberty of op- 
pofing the do£lrine of Linnaeus, and his own. Being at that time a very youn^ 
man, and a llri£\ believer in the fexual fyftem of plants, I wiilingly u idcr^ock 
the talk, becaufe 1 thought I had the chance of fiiowing lome little inrenuity in 
attempting to fiiakc a tlicory which I then imagined to be efiablilhcd upon the 
firmeft bafis of fact jiid expeiiiuent. But, after pcrufmg Linnzeus's wo.ks, and 
many other books on the fabjeft, I was aftonifhed to find, t^at this theory wai 
fuppoited neither by f:'tls nor arguments, which could produce coiiviftion even 
in the mod prejudiced nunds. This dircoiirfc was aftcrwarJs publilhedin theiirll 
edition of the Encyclopedia Britaanica. S. 



224 



THF. PHILOSOPHY 



neceffary for the fecundation of the vegetable as of the 
animal tribes. 

This analogy was plaufible, and fccmcd to bcftow a 
fplendid uniformity on the conduct of Nature. But ex- 
periincnc, the only teft of natural truths, has totally an- 
nihilated this beautiful fabrick. The numberlcfs fpecics 
of vine-frctters, of polypi, of millepedes, and of infufion- 
animalculcs, muhiply, without having rccourfe to the 
common laws of generation. Here, then, the analogy 
Hops ; and, inftead of bringing aid to the fexualilt:, ope- 
rates powerfully againll his favourite hypothefis. If many 
fpecies of animals are deftitute of all the endearments of 
love, what fliould induce us to fancy that the oak or the 
mufhroom enjoy thefe dillinguifhcd privileges ? 

The analogy, befidcs, is frequently contradifled in the 
ordinary oeconomy of vegetables. It is univerfally al- 
lowed, for example, that, even in oviparous animals, 
the eggs can only be impregnated while they are in a 
gelatinous or mere embryo Hate. When farther advanc- 
ed, their membranes, or (hells, acquire a confidence 
fuificient to refift the male influence. But, among the 
vegetable tribes, every circumftancc is reverfed. In moft 
hermaphrodite plants, (I mult fpeak in the language of 
the fyltem), the feeds are not only not in a gelatinous ftate, 
but have acquired confiderable bulk and foiidity, long 
before the pollen, or fuppofed fecundating dult, is thrown 
out of its capfules. 

The fame remark is applicable to dioicous plants, or 
fuch as are barren and feed-bearing in different individu- 
als. What conclufion is here to be drawn ? Analogy 
faih ; and facls contradid the analogy. The pollen of 
moft plants flieds after the feeds of their refpeclive fpecies 
are far advanced in fize and confiftence. If this pollen 
had the power of fecundating, it could fcldom impregnate 
plants of its own fpecies ; becaufe, when it is difcharged, 
the feeds are paft the proper feafon ; but, by flying pro- 
mifcuoufly abroad, this pollen might impregnate dilferent 
fpecies which happened then to be in a fit condition for 
the reception of male influence. Confider the confequen- 
ces of fuch an arrangement. Is; not this to make Nature 

operate 
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Opisrate againft her own intentions ? Nature intends that 
plants fhould multiply and perpetuate their kinds ; but 
the fexual hypothefis makes her take the moft efFedcual 
meafures to prevent that intention, and to introduce uni^ 
verlal anarchy among the vegetable tribes. Were this 
theory true, the whole vegetable kingdom, in a few years, 
would be utterly confounded : Inftead of a regular fuc- 
celfion of marked fpecies, the earth would be covered 
with monftrous productions, which no botanifl: could 
either recognife or unravel. 

The propagation of plants by fuckerg, flips, and cut-» 
tings, is a curious fact in the hiftory of vegetation. The 
llrawberry is commonly raifed by flips taken from the 
old root, or by fuckers fent off from the plant. In either 
of thefe methods, the plants flourifh, and produce fruit. 
Many bulbous and eye-rooted plants, and moft fhrubs and 
trees, may be propagated in the fame manner. Where, 
it may be afked, do thefe plants procure impregnation ? 
That they grow, and produce fertile fruit, is undeniable; 
and yeti according to the fexual hypothefis, the pollen of 
the male is indifpenfibly necelfary to the ripening and 
fertilization of the fruit. By means of fuckers, flips, 
cuttings, and layers, the whole globe might be fpread 
over with vegetables, without the pofllbility of a fingle 
impregnation. 

Though the argument from analogy fliould be in- 
conclufive, yet, fay the fexualifts, we appeal to fa6ls. 
I ./hall, therefore, give a fliort view of the principal 
fatls employed to fupport the fexual intercourfe of 
plants. 

After what has been remarked, it will not be expected 
that I fliould mention thofe parts of Linna^us's reafoning 
which are derived from analogy. In many inftances, he 
has pulhed analogy fo far beyond all decent limits, that 
it becomes truly ridiculous. For example, he gravely 
tells us, ' That the calix reprefents the marriage Z'£'<i ; the 

* corolla the curtains ; the filaments the fpermatic vefels ; 

* the antherac the tejies ; the pollen the male femen ; the 

* ftigma the extremity of the female organ ; the ftylus the 

F f ' I'agina ; 
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* vagiia ; the gerineii the ovarium; the pcricarpium the 
' impregnated ocariufii ; and tho feeds the eggs *.* 

The mcfl phiufible fact in I'avdur of the fcxual hypo- 
thcfis is derived from the cuhurcof the date-bearing palm- 
tree. Haifelquift f , and foine other travellers, mention 
their having fcen flowering branches of male trees fixed 
to the temals by Arabian gardeners, who allcdged, that, 
unlefs this operation were performed, their dales would 
neither be good nor plentiful. This pnicl:ice can boall of 
an anlio^uity long prior to the notion of fexes in plants. 
How it came to be introduced, it is of little importance 
to inquire. We know that the cuftom is flill laid to pre- 
vail : But we likewife know, that there is not an authen- 
tic facl: which fliovvs any connexion between the pnuhce 
and the events though that be an effential ingredient in 
the controvcrfy. The eaftern nations are famous for in- 
troducing fuperflition into every part of their ceconomy ; 
and it is equally difficult to account for their manners as 
for their culture of palm-trees. 

Ivlylius's letter to Dr. Watfon, recorded in the Philo- 
ll'phical Tranfa«5lions, is an attempt to remove this diffi- 
culty, and to jl'ovv a neceffary connection between the 
male and female palm. Mylius writes to his correfpond- 
cnt, ' That a female palm-tree grew many years in the 
' garden belonging to the Royal Academy at Berlin, 
' v.'ithout producing any ripe or fertile fruit ; that a male 
' branch, with its flowers in full blow, was brought from 
' Leipfic, about twenty German miles from Berlin, and fui- 
' pended over the female tree. The refult was, that the 
' female yielded, the firft: year, loo ripe dates. The fame 

* experiment being repeated the following year, 2000 
' ripe fruit were produced.' 

Not to call Mylius's veracity in queflion, the experi- 
ment is both inconclufive and defective. Berlin is not 
the climate of palm-trees. The tree, he informs us, bore 
flowers and fruit for thirty years before the trial was 
made ; but the fruit, it is faid, never came to maturity. 
Plants fe'dom produce rine fruit in a climate not adapted 

to 

* Sponfalia Plaiu.<: ...... i.w.^^w. Ai. \( I. j. y. 1^3. S. 

+ HafFclquifl'* Travels, p. 112, 416. Ktinpfcr. Aottxn. p. 706. Tourncfoit 
Ifag. p. 69. ^. 
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to their nature, until they have grown there a long time. 
Mylius's palm-tree had carried unripe fruit for thirty 
years. According to the ufual courfe of exotic plants, 
therefore, it is natural to think, that, like the American 
aloe, the tree, during all this time, was making gradual 
advances toward perfection ; that, when the male branch 
happened to be fufpended over the female, the plant had 
arrived at the higheft degree of maturity it could ever 
acquire in the climate of Berlin ; and, of courfe, that 
the accidental circumftance of fufpending the male branch 
over it, at this critical period, might give rife to the de- 
ception of attributing the ripening of the fruit to the 
prefence of the male branch. The produdion of icq 
ripe fruit only the firfl year, and 2000 the fecond, is a 
ftrong corroboration of this account of the matter. At 
any rate, the experiment is exceedingly defective and un- 
fatisfadlory. To convince any man that the fertility of 
this tree was folely owing to fome impregnating virtue 
communicated to it by the male, a branch fliould have 
been fufpended over the female one year, omitted the next, 
and fo on alternately for a fucceffion of feafons, or, as 
the fexualifts would exprefs it, giving her a hufband one 
year, and denying her that gratification the next. After 
treating the female in this manner, if it had uniformly 
happened, that the fruit ripened every year the male 
branch was fufpended, and that none came to maturity 
when that operation was omitted, then there would have 
been fome foundation for fuppofmg a connection between 
the ripening of the fruit and the prefence of the male 
branch. But, as this neceifary precaution was omitted, 
the experiment is incomplete, and the conclufion drawn 
from it precipitate and unphilofophic. 

In accounting for the fecundity of all the dioicou's* and 
nwncEcious f plants, the fexualiils have recourfe to the aid 
of the winds, and of infeCts. They betake themfelves to 
this ftrange refuge, in order to explain the manner in 
which female plants, when fituated at a diftance from 

males, 

* Plants which have the male charafter in one individaal, and the female in 
another. S. 

+ Plants which have both the male and female charaflcrs in the feme indivi- 
dual. S. 
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males, are imprc;:;nated. Some of thorn, as Kalm, and 
others, are perfcftly fatisfied with this fuppofed terial 
commerce at vegetables, even when the males are ten, 
fifteen, or twenty miles diftant from the females ! Here, 
it may be remarked, that the multiplication of fpccies is 
one of the mod important laws of Nature. All the laws 
of Nature are fixed. Heady, and uniform, in thcif opera- 
tion : None of their efte£ls are abandoned to thofe uncer- 
tainties which neccflarily refult from chance, or from any 
fortuitous train of circumllances. But, is there any thing, 
in northern climates at leaft, more defultory and caprici- 
ous than the direction and mention of the winds ? Can we 
form a conception of any thing more cafual and uncer- 
tain than the wayward paths of infeds ? The very fuppo- 
fition, therefore, that Nature has cxpofed the fertility of 
a tenth part of the whole vegetable kingdom, and many 
of them, too, plants of the utmoft importance to man, and 
other animals, to fuch accidental caules, is repugnant to 
every idea of found phllofophy. Bcfidcs, the reverfiti has 
been proved by Dr. AUton, C'amerarius, and Tournefort. 
Thefe gentlemen reared female plants of the fpinage and 
hemp in fuch fituations, and with fuch fcrupulous precau- 
tions, to prevent any luppofed impregnation by means of 
the wind, or of infecls, that it is difTicult to conceive the 
polTibiiity of any communication between the males and 
lemales. Thefe females, however, produced fertile feeds 
in the gieateft abundance. 

Since thefe experiments were made, it has been difco- 
vered, that male flowers are fometimes found lurking on 
the female plants of the fpinage and hemp : And this dif- 
covery the fexualifts think fufficient to account for the 
fuccefs of Dr. Alfton's experiments. But, initead of 
folving the dilliculty, this circumftance feems to involve 
it in ifill deeper obfcurity : For, that the pollen ilfuing 
from the antherae of a male flower or two fliould ria , fall, 
and turn round in every direction, fo as to light precifely 
on the ftigmata of all the fuperior, inferior, and circum- 
jacent female flowers, appears to exceed the common 
powers of human faith. Befides, this circumltance would 
feem tojndicate, that there is no fteadinefs in what is 

called 
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called vegetable fexes. We are even told, that trees, which 
had continued many years under the charadter of females, 
but, fi oin fome ftrangemetamorphofis, hadfuddenly drop- 
ped their female forms, and aflumed the more robufl fea- 
tures peculiar to the male part of the creation ! 

It was hinted, above, that all the dioicous, monoecious, 
as well as nioft of the hermaphrodite flowers, being im- 
pregnated by means of the wind, feemed not to accord 
with the rules of philofophizing j we fliall now examine 
that dodrine more clofely. 

The pollen is allowed to be too large to get admiffion 
into the fligmata, though laid upon them with the great- 
ell dexterity. This difficulty the fexualifts imagine to be 
removed, when they tell us, that moifture makes the pol- 
len fplit, and difcharge a fubtile aura, and that this aura 
impregnates the feeds. But, though the polkn {hould 
explode by the application of moifture, and dncharge a 
fubtile aura, this explofion could never effed the purpofes 
of impregnation : For, when the pollen was lying on the 
ftigma, the aura muft necelTarily blow off, inftead of be- 
ing abforbed by that part of ♦he plant. Is not the fuppo- 
fition fmgular, and even contradidory, that a plant fliould 
be impregnated by a fubftance forcibly blown away from 
the female ? 

This reafoning proceeds upon the admiflion, that the 
pollen is laid with dexterity upon the ftigma. But it will 
receive additional force, when I defy all the naturalifts in 
the univerfe to produce an inftance of a fmgle grain of 
pollen being ever feen on any part of a female plant, even 
when at no great diftance from a male, far lefs upon the 
ftigmata of each feparate flower. Granting, however, 
the pollen to be carried off from the male by the wind, 
yet, as the fuppofed fecundating aura it contains is much 
lighter than air, and is difcharged by the flighteft moif- 
ture, it can never fall down upon the dillant females, but 
muft rife and difllpate in the higher regions of the atmof- 
phere. It may alfo be difcharged by the application of 
rain, or dews, before the pollen is carried off by the wind 
from the male flowers : And, if the winds blow in a di- 
rection contrary to the fituation of the female plants for 

a few 
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a few critical hours, the females muft be rendered barren, 
at leaft for a . a Ion. 

It is an clhibliilied fad, that colcworts, turnips, &c. 
when growing in gardens, fometimes produce new vari- 
eties. Thefe varieties the fexualifts uniformiy hoM up at 
inftances of hybriJs, or mongrels, fron\ fortui:ous com- 
mixtures of dilferent males and females. This conclufioni 
however, feems to be precipitate. It is w;'ll known to 
nurierymcn and gardeners, that, from feeds of the fume 
individual plants, varieties fometimes appear. U thefc 
varieties chance to have any qualities fupcrior in value 
to the original plants, their feed^, (hoots, or flips, are 
collecled, and the new kind is propagated wirh tiiligcnce. 
That the beauty of flowers, and the Tnagnitude and fla- 
vour of fruits are improveabie by particular modes of 
culture, and even by unknown accijdents, is an undeniable 
truth : 'Iwit thefe improved qualities, in whatever manner 
procured, continue in the kind, unleis allowed to dege- 
nerate by negligence, is not lefs true. But there is no- 
thing fo wonderful in thefe phenomena as to require the 
moit unbounded Itretches fancy to account for them. 
Are not the beauty, ftrength, and magnitude of animals, 
equally improveabie by culture ? Does not an ox, tranf- 
portcd from the comparatively barren mountains of Scot- 
land, to the rich pallurcs of Yorkfhire, aflume qualities 
very difterent from thole he originally poffelTed ? Why, 
then, ftiould an inconfiderable change in the conflitution 
of a colewort, or a turnip, excite furprife ? Plants are 
liable to be diverfificd by numberlefs accidents. Perpe- 
tually fixed to the fame local fituation, they mult receive, 
indilcriminately, fuch nourifliment as is tranfmitted to 
them by the earth and air. When different kinds happen 
to grow very near each other, and, as they have not the 
choice of rejecting fuch food as is prefented to them, may 
not exudations from the one be abforbed by the roots of 
the other ? May not the matter which tranfpires fo copi- 
oufly from the leaves and flowers of one plant be conveyed 
to, and abforbed by, thofe of a difterent kind ? And may 
not this foreign nourifhment occafionally introduce fome 
changes in the colour, texture, or flavour, of the leaves, 

flowers. 
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flowers, or fruit ? Nay, is it not reafonable to fuppofe, 
that folutions of various mineral fubftances, the a£lion 
of particular manures, and a thoufand other circumilan- 
ces, may often induce fuch changes ? Why, then, fliould 
we have recourfe to unnatural and drained analogies, 
when the phenomena may be folved upon the principles 
of found philofophy ? 

The learned Dr. Hope, late Profelfor of Botany in the 
Univerfitv of Edinburgh, who was a ftrenuous fupporter 
of ve^^etable fexes, thought he had almoft ertablilhed the 
theory by the following experiment upon the lychnis di- 
oica, of which two varieties are natives of Scotland, the 
one bearing white, and the other red, flowers. The 
Do£tor, about twelve years ago, raifed a white female 
and a red male under the fame glafs-bell, which was funk 
fo far in the foil as to prevent all communication with 
other vegetables. The bell terminated in a tube, which, 
for the occafional introdudion of a little frefti air, was 
fluffed with mofs. The feeds of the white female were 
fown next fcafon ; and, inftead of white, the plants pro- 
duced red flowers, in confequence, it was imagined, of 
the influence of the male upon the female. He likewife 
aflerted, that the red kind, when left to Nature, never 
brought forth white flowers, nor the white kind red 
flowers. 

Upon this experiment we have to remark, i. That 
nothing is more dangerous, or more fallacious in philo- 
fophy, than the affumption of general pofitions without 
an accurate invefl:igation. The Do6tor advanced, for ex- 
ample, that the red and white lychnis, when in a natural 
(late, never change their colours. This pofltion is neither 
capable of admiificn nor denial ; becauie no experiment, 
nor inquiry, feems ever to have been made on the fubjeft : 
Yet it is aifumed as a premife to the conclulion, that the 
change of the white into a red lychnis was occafioned by 
the influence of the red male upon the white female. 

2. That hybrids, or mules, uniformly participate of 
both the fpccics or varieties by which they are engendered. 
A jack-afs and mare never produce a fimplc afs or horie, 
but a mule, or mixture ol" the two. It fliould feem, how- 
ever. 
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ever, that this red lychnis transfufcd its own Individual 
qualities, without allowing a fingle particle of the female 
to appear. This is contrary to cverv analogy. If the 
change had originated from fexual commixture, the pro- 
geny ought not to have been completely red, but pied, 
or a mixture of red and white. To whatever caufe, there- 
fore, this change may be attributed, it can never be af- 
cribed to any thing analogous to generation. 

3. That colour is a delicate and fluduating quality. It 
depends fo much on light, air, health, and perhaps fome 
unknown caufes, that botanifls, with great propriety, have 
rejected it as a fpecilic charafter. Sufpefting that caufes 
of this nature might change the colour of the white 
lychnis under confideration, I examined the condition 
of fomc plants then fubje6ted to the fame trials in our 
Botanic Garden. The flowers both of the red and white 
lychnis were then in full blow under the bell, the glafs 
of which was thick, and of a darker green than our com- 
mon beer-bottles. The light, of courfc, tranfmitted to 
the plants was lurid and obfcure. They were alfo deprived 
of a free circulation of air. Under thefe unnatural cir- 
cumftances, the plants had a fickly afpecl. The flowers 
of the red variety, inflead of a vivid red, were almoft per- 
fectly white. Here we have nearly an equal change made 
upon the fame plant, without the poflibility of its being 
affeded by the intercourfe of fexes. If plants are thus 
deprived of proper light and air, it cannot be furprifmg 
to fee changes produced in the colour of their immediate 
defcendents. The contaminated air efcaping from the 
plants themfelves, and from the foil under the bell, may be 
fufficient to produce this effect. I formerly mentioned, 
that the colour, and other qualities of plants growing near 
each other, may be changed by abforbing the matter of 
tranfpiration and exudation. The argument is applicable 
with peculiar force to plants imprifoned fo clofely, and 
having fo little accefs to frefti air. In this fituation, they 
mufl:, of necefllty, feed upon each other. Confine a man 
nnd a woman for years in a fmall ill-aired cell, and ob- 
fcrvc' their afpecl, and that of their progeny. Their ap- 
pearance will be very different from that of children pro- 
duced 
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duced by healthy parents, and enjoying the benefits of 
the fun's rays, and of the open air. 

4. That, independently of all thefe arguments, the 
experiment is incomplete. Even on the fuppofition of 
the exillence of I'exes in plants, the conclufion drawn from 
it cannot be admitted. The fame change, for inftance, 
might have happened, if, inftead of a white female and 
red male, a white female had been imprifoned with a red 
female. In this cafe there could be no commixture of 
fexes ; and yet, it is highly probable, that both would 
have ripened their feeds, and that thefe feeds would have 
produced plants differently coloured from the fame varie- 
ties growing in a natural ftate. Till thefe indifpenfible 
parts of the experiment, therefore, be tried, nothing can 
be concluded in favour of the fexual fyftem. 

5. That flowers growing from the fame root, fruits 
upon the fame tree, or raifed from feeds of the fame in- 
dividual plant, often vary in colour, fize, figure, and 
texture. Thefe varieties are apparent to the mofl fuper- 
ficial obfervers ; but they can never, with any degree of 
propriety, be afcribed to the influence of fex. The caufes 
of fuch variations are rather to be looked for in the ex- 
pofure of the plants with regard to light and air, the 
nature of the foil, the mode of culture, accidental inju- 
ries from dews, from electrical fire, from the poifon or 
wounds of inleds, and from the abforption of mineral 
folutions. In a word, if we are to hope for an explana- 
tion of thefe, and other minute changes in the appear- 
ances of plants, recourfe mufl be had to chemical and 
philofophical principles, and not to an hypothetical com- 
merce of fexes. 

The difcourfe was concluded with the following fenti- 
ment : — But I aim not at complete refutation ; for expe- 
riments are ftill to be made. I only wiih to render the 
fexual commerce of plants fufpicious, that the minds of 
men may be freed from the fetters of a fyftem, which 
has, perhaps, too long received the general alfent of Eu- 
rope ; and that the oeconomy of the vegetable kingdom 
may again be open to impartial invefligation. 

To remove the pofTibility of male influence being con- 

G g veyed 
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veyed by means of the wind, or of infccls, about ten or 
' twelve years ago, I thought, if a female plant could ripen 
her feeds uithin doors during the winter, the experiment 
would infallibly determine the controverfy. With thia 
view, I confined a female lychnis, which is a native planr 
of this countrv, and gave her fuch a degree of heat as 
made her produce flowers three months before any male 
flowers of the fame fpecies were blown in Britain. The 
flowers and the voung feed had every appearance of health 
and vigour. But the plant itfelf, as ufually happens to 
vegetables when forced to grow in unnatural fituations, 
was feeble, flender, and double the common length ir 
acquires in the fields. I waited the event. My expecta- 
tions, however, were difappointed ; for the flowers drop- 
ped long before the feeds were ripened. The plant was 
kept three years in the fame fituation ; but Hill the flow- 
ers dropped, and no ripe feeds were produced. As the 
health of pl mts, like that of animals, depends upon many 
circumftances, as expofure to the open air, to light, to 
the agitations of the wind, which to them anfwers the 
invigorating purpofe of exercife, to no6lurnal dews, to 
natural rains, inftead of artificial waterings, &c. I re- 
folved to place the female lychnis in a fituation where fhe 
might enjoy all thefe advantages, and at the fame time 
be removed from every fufpicion of a connedion with 
male influence. For this purpofe, I applied to my learned 
and ingenious friend Dr. Daniel Rutherford, now Pro- 
feflbr of Botany in the Univerfity of Edinburgh, who, 
at that time, had a fmall garden, or rather a little area, 
in the heart of the city, which was furrounded with 
houles of five and fix fl:ories high, and diftant from any 
male lychnis about an Englifli mile. Dr. Rutherford re- 
ceived this female lychnis into his garden. The fir ft fum- 
mer after her adi^iiflion, being enfeebled by her former 
three years confinement, fhe dropped her flowers, without 
producing fertile feeds. During three or four fuccecding 
years, however, flie remained in the fame fituation ; and 
ihe not only ripened her feeds, but thefe feeds vegetated, 
without the poflibiiity of any male impregnation ; for the 
Doctor, after the young plants were in a itate of difcri- 

mination, 
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mination, uniformly extirpated all the males, and never 
could difcover the veflige of a fmgle male upon the fe- 
male plants. Her female progeny, however, continued 
t-o bear fertile feeds for feveral fucceflive generations. If, 
after this, and fome experiments formerly mentioned, 
any fexualift: choofes to have recourfe to the wind, and 
to infers, he may enjoy his theory ; but few men of pe- 
netration will join him in opinion- 

But, if thefe fa£ts and reafonings fhould not be fuffici- 
ent to convince every believer in the fexual fyflem of 
plants that the hypothefis has no foundation in Nature, 
Spallanzani, a late ingenious Italian naturalift, has, by 
a number of experiments, removed the poflibility of any 
rational doubt on the fubje6t. 

Spallanzani, in order to make a complete inveftigation 
of this fubjea, performed a number of experiments on 
what are called hermaphrodite ^ monozcious^ and dioicous plants. 

Hermaphrodite plants comprehend all thofe which have 
ftamina and piftils, or the male and female organs, in the 
fame flowers. To difcover whether the pollen had any 
influence upon the fertility of the feeds, Spallanzani forced 
open the petals, or flower leaves, fome time before they 
began to expand. He then cut off all the Itamina, or 
male parts, before the fuppofed foecilndating dull was 
ripe, leaving the female part to its fate. The refult was, 
that, in many of the plants, the feeds did not ripen, or 
even acquire 'their full fize ; in others, they grew to the 
natural fize ; but, after being committed to the ground, 
they did not germinate. Above thirty years ago, a fimi- 
lar fet of experiments were made, in the Botanic Garden 
at Edinburgh, by the late Dr. Alfton, the then Profeflbr 
of Botany. But, whether Dr. AHton's experiments were 
performed with greater dexterity than thofe of Spallan- 
zani, it is impoflible to determine. The event, however, 
was the reverfe ; for Dr. Alfton's plants, which were 
treated in the fame manner with thofe of Spallanzani, 
not only ripened their feeds, but thefe feeds, when fown, 
were found to be as fertile as if no fuch operation had 
been performed. But no experiments of this kind can be 
made with any degree of certainty upon hermaphrodite 

plants ; 



236 THE PHILOSOPHY 

plants ; becaufc they are imprafticable, without wound- 
ing and injuring the tender flowers. By forcing open i'\c 
petals foiue days before they would naturally unfold, the 
interior parts of the flowers are prematurely expoicd to 
the adion of the air, of dews, and of the fun's rays. 
Befides, no man can determine what changes the young 
feeds may undergo, what injury they may lufler, by an 
unnatural deprivation of the llamina. In every flower 
treated in this rough manner, an exrravafation ot fap muft 
unavoidably be produced. If a pregnant animal is \\ounci- 
ed, and in a part too fo intimately conncded with the 
foetus, what reafon have we to exped a textile and' well- 
proportioned oifspring ? 

Spailanzani next proceeded to trials on the monoecious 
plants, or thofe which bear both male and female flowers 
feparatcly on the fame individual. In fpring 1777, he 
fowed two fpecies of the pompion, which belong to this 
divifion of plants, in a fituation removed from every fuf- 
picion of foreign connedion by means of the wind or of 
infeds. ' In the beginning of June,* fays he, ' two indi- 

* viduals, for I had ordered two only to be raifed, were 
' jufl beginning to put forth a few flower-buds towards the 

* bottom of the fl;alk. At this early period, the male 
' flowers may be eafily diftinguiflied from the female, 
'The former, alfo denominated barren by botanifts, have 

* a flender fl:alk j while the ftalk of the latter, where it 
' joins the calyx, forms a tumor, confifting of the imma- 

* ture fruit. I paid daily vilits to thefe two individuals, 

* and very carefully watched the progrefs of both forts of 

* flowers. That there might be no fufpicion of the pollen 
' exerting any influence upon the females, the males were 

* deflroyed at their firfl; appearance. As fruit, when a 

* fmall quantity only is left upon a plant, is fooner ripe, 

* and grows to a larger fize, becaufe it receives a greater 

* quantity of nutritious juice, I left on each of my two 
' individuals two flowers only. The buds that made their 
' appearance afterwards were taken away, along with the 

* male flowers. Meanwhile, my four gourds grew rapid- 
' ly. Finding that, towards the middle of September, 
< they had attained the ufual full fize, I gathered one, in 

* order 
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' order to infped the internal parts. The fleft was too 
' foft, becaufe the fruit was not thoroughly ripe ; but, in 

* colour, ftraclure, and tafte, it refembled fruit produced 
' by plants which had their male flowers. — The feeds 
' were in great number, and, as well internally as ex- 
' ternally, were perfedly formed. — At the end of the 
' month, the other three gourds were quite ripe. I tbere- 
' fore gathered them, and put the feeds of each into a fe- 

* parate box, that I might be able to examine them at 
' pkifure. The lobes filled the whole infide of the feeds, 
' and had all the characters of perfed: maturity. 

* Thus far,' continues our author, ' there is a perfed 

* agreement with the obfervations made on the feeds of 
' fome hermaphrodite plants, which feemed, notwith- 
' ftanding they were deprived of the efficacy of the pollen, 
' to have acquired the fame degree of perfeftion as thofe 
' impregnated in the ufual manner. But, as they did not 
^ grow, however perfect they might be in appearance, be- 
' caufe they had not been vivified by the pollen, I ima- 
' gined, that, for the fame reafon, the feeds of my three 
' gourds would not grow. It was, however, proper to 
' make the experiment. I therefore dried one hundred 
' and fifty in the fun, and afterwards planted them in 

* three pots, fifty in each, taken from feparate gourds, 

* But the latenefs of the feafon, it being the loth of Oc- 

* tober, the conftant rain, and the coolnels occafioned by 
^ it, circumftances unfavourable to vegetation, obliged me 

* to place my pots in a ftove, which, though it was not 
' heated, was kept warm by a contiguous chimney. The 
' event did not by any means correfpond to my expectation. 
' I took it for granted^ that none of the feeds would germ'i- 
' note ; and yet they almoji all came up very well*.' 

Here it is pleafant to obferve candour and fair experi- 
ment triumphing over deep prejudice. From the above, 
and many other paifages, it is evident that Spalhnzani 
was a keen fexualift, and that he expected his experi- 
ments, inftead of overthrowing, would confirm, his faith ; 
but, like a true philofopher, he candidly, though with re- 
ludance, unhinges his favourite opinion. 

* I referved 



* Spallanzaai's Diffcrtations, vol. 2, p. 276, &c, S. 
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' I referved the remainder of the feeds,* continues Spai- 
lanzani, * for another experiment to he made the foUow- 
' ing fpring. Before it can be aflertcil that fruciiiicaiion 

* has been complete, it is neceflary, according to the de- 

* termination of botanilts, not only that the lecds lliould 
' grow, but that they (hould alfo be capable of bring- 

* ing produdive feeds, or, in other words, of pcrpe- 
' tiiating the fpecies. That I might learn whether the 
' feeds of my three gourds enjoyed this prerogative, I 

* caufed fome of them to be planted in the fame place in 
' May 1778 ; and, when they were grown to fome fize, 

* they were, as in the foregoing experiment, carefully 

* dripped of all their male flowers, one female flower on- 
' ly being left on each individual. Thefe flowers were 
' furniflied with fmall gourds, which grew ripe towards 

* the beginning of autumn, and the feeds they produced 

* grew jufl as well as the former*.* 

Wiih regard to dioicous plants, or thofe which produce 
male flowers on one individual and female flowers on an- 
other, they are by far the mod unexceptionable fubjeds 
for determining the exiflence or non-exiflence of fexes in 
plants. Accordingly, Bonnet, Fourgeroux, and Spallan- 
zani, &c. about the year 1770, placed female plants of 
this defcription in fituations fo Itridly guarded againlt the 
poflibility of foecundating dull being conveyed to the fe- 
males either by the air or by infects, that the fuppofition 
of male influence bafiles all the powers of imagination. 
Thefe females, however, uniformly produced ripe feeds ; 
and thefe feeds were as prolific as if they had been fur- 
rounded with males. 

From the facts and arguments above related, and many 
others which might be adduced, it appears, that this beau- 
tiful theory, derived from a miftaken analogy, has no 
foundation in Nature. I would not have dwelt fo long 
on this fubjecl, if I had not fmcerely wiflied that the 
minds of men might be emancipated from the fetters of a 
fyfl:em which has too long received the almofl: univerfal 
aiTent of the literal y world j and that the ceconomy of 

the 
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the vegetable kingdom may again be open to impartial 
inquiries. 



CHAPTER X. 
Of the Puberty of Animals. 



THE puberty of animals commences at that period of 
their exiftence when Nature endows them with the 
the power of multiplying the fpecies. This period is as 
various as the different tribes of animals. In fome it ar- 
rives fooner, in others later ; but, in every animal, it 
is accompanied with fome remarkable changes in confti- 
tution and affe£lions. From infancy to puberty there is 
a gradual increafe of fize ; but, immediately after that 
period, in both fexes, the growth of the body makes a 
fudden fpring, and acquires redoubled ftrength and tslQli- 
vity. The growth of animals, however, does not always 
flop at the age of puberty. Men, quadrupeds, and fiflies, 
continue to grow for fome time after their capacity of 
multiplying. But moft birds and infedts feem to acquire 
their full dimenfions before they arrive at the age of pu- 
berrv. 

Before puberty, the voice of a man, like that of a wo- 
man, is fhrill and feeble. But, after that period, it be- 
comes rough and ftrong. This effeft is produced by fome 
unaccountable and fudden change in the organs of j^eech, 
which is not confined to the human fpecies ; for the voice 
of a horfe or a bull is deeper after than before puberty. 
In eunuchs no fuch alteration of voice is to be obferved ; 
for their voice, though Ihrill and piercing, can never 
produce a low or deep note. At this period, too, that 
diftinguifhing charadteriftic of man, the beard, begins to 
appear, together with other external and internal changes, 
which it is unneceflary to relate. But eunuchs are totally 

deftitutc 
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deftitute of beards. Theie two fafts indicate a connc«nion 
which merits the attention of philofophcrs. 

With rejjard to the female fex, they arc by no means 
exempted from conftitutlonal chanj];es when they arrive 
at the age of puberty. The alteration in the tone of their 
voice, if it does happen, is hardly perceptible. Nei- 
ther are iheir faces deformed by a beard, which, according 
to our prefent ideas, would have a difgufling etfeft. At 
this period, however, their mammas fwcll, and a perio- 
dical evacuation takes place, which produces wonderful 
revolutions in their conflitution and aff'eftions. In both 
fexes, the mental changes are not lefs remarkable than 
the corporeal. The powers of the mind expand, the force 
of genius is felt, and very different objefts folicit atten- 
tion : Inltead of puerile amufements, ambition, a warm 
and unaii'ecled friendfhip, a generofity and unfufpicious 
demeanour, both in words and actions, are the almoft 
univerfal charaderiflics of this period of human life. I 
mention it with pleafure, that, as far as my obfervation 
extends, in youth, unlefs they are corrupted by example, 
by negledt, or by other caufes, all men are honeft, friend- 
ly, generous, and humane. If this remark be true, Na- 
ture is fully exculpated. But, when a young man enters 
into the bufmels of life, his candour and ingenuoufnefs 
foon meet with a fhock. This is the painful reverfe. In- 
ftead of liberality and integrity of condudl, he has to 
encounter with felfilhnefs, chicane, and too often with 
dired villainy. This unhappy difcovery turns his thoughts 
into a different current, contrafts the noble opennefs of 
his heart, renders him fufpicious and guarded, and, if 
he fhall chance to retain his integrity, he is obliged to 
affume, at lead, the appearance of jealoufy and deceit. 
I by no means intend this to be the univerfal charadier of 
mankind ; I only lament that it is too general. 

In every race of mankind of which we have any know- 
ledge, the females arrive fooner at puberty than the males. 
But, the age of puberty differs in different countries. 
This difference feems to originate from two caufes, the 
temperature of the climate, and the quality of the food. 
Children of citizens, and of opulent parents, who are fed 

with 
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with rich and nourifhing viduals, arrive fooner at this 
ftate. Children, on the contrary, brought up in the 
country, or whofe parents are poor, require two or three 
years longer ; becaufe their food is not only coarfe, but 
too fparingly given. In the fouthern regions of Europe, 
and in large cities, the females arrive at puberty about 
the age of twelve, and the males about fourteen. But, in 
northern climates, and in the country, girls hardly come 
to maturity till they are fourteen, and boys not before fix- 
teen. In the warmefl: regions of Afia, Africa, and Ame- 
rica, the age of puberty in females commences at ten, and 
fometimes at nine. 

After puberty, the Count de BufFon remarks, ' mar- 
' riage is the natural ftate of man. A man ought to have 
' but one wife, and a woman but one hufband. This is 

* the law of Nature ; for the number of females is nearly 
' equal to that of the males. Such laws as have been en- 
' aded in oppofition to this natural principle, have origi- 
' nated folely from tyranny and ignorance. Reafon, hu- 
' manity, and juftice, revolt againft thofe odious feraglios, 

* in which the liberty and the afFedlions of many women 
' are facrificed to the brutal paffion of a fmgle man. Does 

* this unnatural pre-emineace render thofe tyrants of the 
' human race more happy ? No ! Surrounded with eu- 
' nuchs, and with women who are ufelefs to themfelves 

* and to other men, they are tormented with the conftant 

* appearance of that accumulated load of mifery they have 

* created.' 

All animals, as well as thofe of the huitiran fpecies, un- 
dergo, at the age of puberty, fimilar changes in the form 
of their bodies, and in the difpofitions of their minds. 
From mild, placid, and gentle, they become bold, reftlefs, 
and ungovernable. Their bodies are then, in ftrength 
and fymmetry, perfedly accommodated to the new fenti- 
ments which Nature, for wife purpofes, excites in their 
minds. In the deer kind, the horns of the males appear 
not till they are fit for multiplying the fpecies. At this 
period, the creft, the wattles, and the plumage of the 
male gallinaceous birds acquire additional beauty, and 
their courage and ftrength are greatly augmented. The 

H h pigeon, 
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pigeon, inftead of being querulous, timid, and voracious^ 

w henever the a^c of puberty arrives, feels emotions of ;i 
very different kind. Confcious of tlie new vigour he has 
acquired, he affumes a bold and imi)ortant air. He flruts 
about Avith a majeflic pride, and immediately addreifcs, 
with all the gaiety of a lorer, iome favourite female, 
whom he folicits with the moll alliduous gallantry and at- 
tenrion. After the coy female gives her alfent, their after 
condu\5l exhibits fuch a mutual and ardent atledion, and 
fuch a conllant fidelity, as aflbrd no inconfiderable pat- 
tern to the human fpecies. 

With regard to hlhes, we are totally ignorant of the 
periods when the different tribes of them acquire the power 
of multiplying. From the element they inhabit, from the 
rapidity of their motions, and from their defultory and 
wandering mode of living, we are equally ignorant of 
many other important parts of their oiconomy and man- 
ners. This continues to be an ample field for future in- 
veftigation, and highly worthy the attention of naturalifts. 
The oEConomy and manners of infeds are more open to 
infpedtion. Thofe of the winged tribes undergo many 
changes, both in figure and flrudure, before they arrive 
at the age of puberty. They firff efcape from the eggs 
in the form of minute caterpillars. In this ftate they are 
exceedingly voracious, and grow with rapidity to their 
full fize ; but they are deftitute both of the power and 
of the organs neceffary for the multiplication of the 
fpecies. They are next transformed into chryfalids : In 
this ftate, their bodies are covered with a kind of cruft, 
or fhell, from which the animals have again to efcape, as 
from a fecond egg. In this imprifoned condition, they 
remain during a longer or fhorter period, according to the 
fpecies, or to the feafon of the year in which they are trans- 
formed. After their transformation into Hies, they burft 
this cruft, or fliell, and appear in the form of flies, furnifli- 
ed with wings, legs, feeltj-s, &:c. of all which they were 
deftitute in their former ftate. Wh<^n transformed into 
flies, caterpillars have arrived at the age of puberty. They 
are now perfect animals, and endowed with the faculty ui 
tranfmitting a numerous progeny to poflcrit) . 

C 11 AP- 
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CHAPTER XL 



O/" Love. 

TH E great intention of Nature, in endowing almoft 
every animal with a fexual attachment, is the mul- 
tiplication and continuation of the refpedive fpecies. 
But, with regard to man, and, in an inferior degree, to 
all pairing animals, love is the fource of many other fo- 
cial and important advantages. Love, or a ftrong afte'2:i- 
on for a particular woman, is, to young men, perhaps, 
one of the greateft incentives to virtue and propriety of 
conduft. In northern countries, it feldom rifes to that de- 
gree of frenzy, which, in warmer climates, not only en- 
grofles the whole attention, but often totally unhinges the 
powers of the mind. In northern regions, however, it 
occupies more gejitly the imagination, gives a chearful- 
nefs and alacrity to the bufmefs or ftudies of life, and, if 
reciprocal, diffufes over the mind and body a placid hap- 
pinefs, and a tranquillity of difpofition, which grea. ly con- 
tribute to the health" and vigour of both. A young man 
in love thinks that. the eyes of his favourite continually be- 
hold him. Through this amiable medium he views all 
his aftions, and even his thoughts. His affedion and ve- 
neration are fo great, that he is, in fome meafure, deter- 
red from regarding any other woman, and, what, is of 
more importance, from indulging any loofe or irregular 
appetite. The difpofitions and affedions of the female 
are the fame with thofe of the male. Her attention is 
completely engroffed ; and fhe never thinks or dreams of 
any man, but of him who is the objetl of her affeclion. 
A young man and a young woman in love exhibit the 
mofl: innocent and the moft amiable pi£lure of human 
nature. Actuated by no intercfted motives, and regard- 

lefs 



244 



THE PHILOSOPHY 



lefs of future continf:;encies, they obey the fupremc com- 
mand of Nature. How much is it to be himemed, that, 
from the cruel, but perhaps unavoidable, inftitutions and 
culloms of civil focieties, it is fo often not only prudent, 
but necelfary, to check, and even to overcome, this power- 
ful law of Nature ? 

Many are the advantages that mankind derive from fo- 
ciety and regular governments, and we fhould chearfully 
fubmit to thole hardfliips and inconvenicncies to which 
they give rife. But every man, however fubmillive to the 
laws of his country, mult regret that nccellity which makes 
them oppofe any of the.laws of Nature, and efpccially the 
almofl irrefillible law of love. 

In the prefent flate of fociety, it mufl be acknowledg- 
ed, early marriages, among people in the ordinary and 
dependent rank., of life, are extremely hazardous. When 
both parties are induflrious and ctconomical, luch marria- 
ges are not only the molt natural, but are produftive of 
the greateft happinefs and cordiality. But the reverie is 
dreadful ! Children, flraitened circumltances, refentment 
of parents, whether real or affected, too often produce all 
the complicated miferies to which mankind, in their lowefl: 
ftate of degradation, can be fubjedted. Among this order 
of men, therefore, it is of the higheft importance that the 
law of Nature fhould yield, for fome time at leait, to the 
inflitutions of fociety, and to thofe prudential motives 
which parents learn from experience to be ingredients ef- 
fential to the comfort and happinefs of life. 

Men of fortune and of opulence have it in their power 
to obey the laws of Nature and of love ; and fome ex- 
amples, though few in number, occafionally happen, of 
rich men acting a difmterefled part in their matrimonial 
engagements. Inftead of following the dictates of Na- 
ture, many men of fortune and independence, difregard- 
ing the high privilege they enjoy, lacrifice their tafte, 
their paflion, and often their happinefs during life, at the 
flirine of Gold. To accomplilh this fordid end, they 
often embrace deformity, difeafe, ignorance, peeviflinefs, 
and every thing that is difgulting to human nature. Let 
fuch individuals fuffer their punilhment. But what are 

the 
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the confequences to the public ? Men of rank, in all na- 
tions and governments, not only regulate, in a great mea- 
fure, the manners of their inferiors, but are the natural 
guardians of the ftate. For thefe important purpofes, 
their minds (hould be noble, generous, and bold ; and 
their bodies fhould be flrong, mafculine, fit to encounter 
the fatigues of war, and to repel every hoflile aflault that 
may be made upon their country. But, when men of this 
defcription, whatever be their motives, intermarry with 
weak, deformed, puny, or difeafed females, their progeny 
muft of neceffity degenerate. The ftrength, beauty, and 
fymmetry of their anceftors are, perhaps, forever loft. 
What is ftill more to be regretted, debility of body is almoft 
univerfally accompanied with weaknefs of mind. Thus, 
by the avarice, ambition, or inattention, of one indivi- 
dual, a noble and generous race is completely dellroyed. 
By reverfing this conduct, it is true, the breed may again 
be mended ; but, to repair a fmgle breach, many genera- 
tions, endowed with prudence and circumfped:ion, will be 
requifite. A fucceffive degeneration, however, is an in- 
fallible confequence of imprudent or interefted marriages 
of this kind. One puny race may for fome time be fuc- 
ceeded by another, till at laft their conftitutions become 
fo feeble that the animals lofe the faculty of multiplying 
their fpecies. This gradual degeneration is one great 
caufe of the total extindlion of confpicuous and noble fa- 
milies. That it (hould be fo, is a wife and beneficent in- 
flitution of Nature ; for, if fuch debilitated races were 
continued, a univerfal degenertion would foon take place, 
and mankind would be unable to perform the duties, or 
to undergo the labours, of life. Nature firft chaftifes, and 
at laft extirpates, all thofe who a£t contrary to her efta- 
bliftied laws. 

Befide the pleafures refulting from fociety, and from 
mutual attachment in man, and in pairing animals, the 
natural love of offspring is a fource of the moft engaging 
endearments. The innocence and helplefs condition of 
infants call forth our pity and protedion. When a little 
farther advanced, their beauty, their fmiles, and their 
fprightlinefs, excite the moft agreeable emotions. In 

their 
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their progrefs from infancy to manhood, we obferve with 
pleafure the unfolding of their mental powers. They 
imitate our actions long before they can exprcfs their de- 
fires, or their wants, by language. Their attempts in the 
acquifition of language are extremely curious and amuf- 
ing. Their firll fyftem of grammar confifts entirely of 
fubftantive nouns. It is long before they learn the ufeof 
adjcdlvcs or of copulatives, and ftill longer before they 
employ the verb. Their fpeeches are Ihort, aukward, and 
blundering; but they are animated, and uttered with 
aflonilhing force and vivacity of expreflion in their eyes, 
and in the geftures of their bodies. At this period of 
life, children are folely aduated by Nature and imitation. 
After they acquire words fufficient for conveying the few 
ideas they poflefs, they begin to realbn, or rather to em- 
ploy the language of reafoning ; for, at this period of life, 
children, wheft they mean to give a rcafon why they fliould 
have any indulgence or gratification, almolt univerfally 
argue againft themfelves, and employ a reafon why their 
defires fhould not be granted. This ridiculous mode of 
reafoning excites laughter, and affords plcafurc and amufe- 
mcnt to the parents. It likewife (hows, that our firlt at- 
tempt toward reafoning is principally, if not folely, the 
elieft of imitation ; for the reafoning power, at this peri- 
od, is not fully unfolded, bccaufe many human inflincls, 
or mental qualities, have not yet been called forth into 
action. But here I mufl: (top. To do juftice to this in- 
terefting fubject would require volumes. 

The love of offspring, which, though not univerfal, is 
perhaps the ftrongcll and mod active principle in human 
nature. It overcomes the fenfe of pain, and fometimes 
even the principle of felf-prefervation. A remarkable and 
a melancholy example of the ftrength of parental affecti- 
on was lately exhibited, and, for the honour of our fpe- 
cies, deferves to be recorded. In the beginning of Ja- 
nuary 1786, the Halfewell Eafl-Indiaman, Captain Rich- 
ard Pierce, was unfortunately wrecked on the coaft of 
Dorfetfhire. Befide feveral other ladies, Captain Pierce 
had two of his own daughters on board. When the fhip 
was in the extremity of danger, fome of the company; 
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by fwimming, and other feats of aclivity, got upon a rock. 
In this dreadful fituation, Captain Pierce aflved Mr. Ro- 
gers, his third mate, if any plan could be devifed for 
faving the ladies ? Mr. Rogers replied, ' It is impoffible ! 
' but you may fave yourfelf.* Upon which the Captain, 
addreffing himfelf to his daughters, and enfolding them 
in his arms, faid, ' Then, my dear children, we lhall not 
' part ; we fhall perifh together !' Mr. Rogers quitted the 
ftiip and reached the rock : An univerfal Ihriek of defpair 
was heard, in which the voices of female dillrefs and horror 
were lamentably diftinguilhable. In a few moments all was 
hufhed J the fhip, with every perfon on board, had then 
gone to the bottom. Parents chearfully fubmit to the 
hardeft labour, and expofe themfelves to the greateft dan- 
gers, in order to procure nourifhment to their young, or 
to proteft them from injury. 

A bitch, during the operation of dilTeftion, licked her 
young, whofe prefence feemed to make her forget the moft 
excruciating tortures ; and, when they were removed, (he 
uttered the moft dolorous cries. Certain fpecies of fpiders 
inclofe their eggs in a filken bag fpun and wove by them- 
felves. This bag they fix to their back, and carry it 
along them wherever they go. They are extremely nim- 
ble in their motions. But, when the bag is forced from 
a fpider of this kind, her natural agility forfakes her, 
and file falls into a languid ftate. When the bag is again 
prefented to her, fhe inftantly feizes it, and carries it off 
with rapidity. The young fpiders no fooner efcape from 
the eggs than they dexteroufly arrange themfelves on the 
back of the mother, who continues for fome time to carry 
them about with her, and to fupply all their wants. An- 
other fpecies of fpider attaches her bag of eggs to her 
belly. This fpider is likewife very agile, and fo ferocious 
and determined in the protedion of her eggs, that fhe has 
been known to fuffer death rather than relinquifh them. 
The deer fpontaneoufly prefents herfelf to be chaced by 
the dogs, to prevent them from attacking her fawn. When 
the fox perceives that her young have been difturbed in 
her abfence, Ihe carries them oft, one after another, and 
conceals them in a new retreat. Wafps feed their young, 

when 
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when in the worm or caterpillar ftate, in the fame man- 
ner as pigeons and other birds that dilgorj^e. The pigeon, 
after fwallowin^ gr^iin, retains it for fomc lime in her 
ftomach, till it is foftened and macerated : She then dif- 
gorges, and throws it into the mouths of her young. * In 
' the fame manner,* fays Reaumur, ' I have obfervcd a 

* female wafp fwallow a large portion of an infedt : In a 

* fhort time afterwards, fhe traverfed the dilfercnt cells of 

* her neft, difgorged the contents of her ftomach, and 

* diilributed food in this half-digefted form to her young 

* worms *.* 

All animals, man perhaps not excepted, acquire a dou- 
ble portion of force and courage after they bring forth. 
A cow, at Icaft in a domeftic ftatc, is a placid and phleg- 
matic animal : But, whenever flie produces a calf, a won- 
derful change is exhibited : She inftantly becomes vigi- 
lant, aftive, and even ferocious, in the defence of her 
young. A lionefs deprived of her cubs prefents the mod 
dreadful pidure of anxiety, rage, and rapacity. De- 
fcending lower in the fcale of animation, the fame change 
is to be remarked. A domeftic hen is a timid, indocile, 
and obftinately-ftupid creature. Though chaced, harraflT- 
ed, and even put in danger of her life, fifty times in a day, 
fhe never learns to avoid a garden, or any particular place 
which ftie is accuftomed to frequent, or to which ftie is 
led by her appetite for food. But, the moment her chic- 
kens are hatched, inftead of her ufual timidity, Ihe be- 
comes as bold as a lion. When ftie thinks her young are 
in danger, ftie briftles up her feathers, affumcs a fierce- 
ncfs in her eye, makes an alarming noife, and attacks, in 
the moft furious manner, and without diftindion, every 
animal that comes near her. By the fuddennefs of her 
onfets, fhe often alarms men, and actually intimidates and 
beats off dogs and other animals that could devour her in 
an inftant. 

Though feveral of the infecl tribes difcover a ftrong 
attachment to their young, yet all thofe which undergo 
transformations, and do not form focieties, muft be com- 
pletely ignorant of the exiftence of their progeny ; be- 

caufe, 

* Reaumur, torn. ii. pag. a^o. lamofdlt, 3. 
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caufe, in general, the parents die before the young are 
hatched. Nature, however, has endowed thofe fpecies 
■with an inftinft which produces all the effeds of parental 
affection : They uniformly depofit their eggs in fubftances 
which afford to the young, immediately after their efcape 
from the egg, a nourifhment adapted to their refpeftive 
conftitutions, and a comfortable and fafe protection from 
injury. Thus Nature, ever attentive to the continuation 
and happinefs of her productions, however feemingly 
iniignilicant in the fcale of being, often employs very dif- 
ferent means to accomplifh the lame beneficent purpofes* 

Nature has unqueftionably attached pleafure to all the 
neceifary functions of animals. But this pleafure cannot 
be confidcred as the original caufe of any particular a£tion ; 
for the experiment muft be made before the animal can dif- 
cover whether the refult is to be agreeable or difagreeable. 
The truth is, that Nature has beftowed on the minds of 
all animated creatures a number of laws or inftinds per- 
fectly accommodated to the fpecies, and which irrefiftibly 
compel them to perform certain actions. The effects of 
thefe laws we perceive : But the caufes, or the modes by 
which they operate on animaf minds, are infcrutable. 
We mav and muft admire, but we can never penetrate 
the my(teries of Nature. 

Bonnet, and fome other naturalifts, imagine they are 
exhibiting the caufes of that ftrong and mutual attachment 
between parents and their olTspring, when they tell us, 
that, in man, and quadrupeds, and birds, the mother is 
fond of her young, becaufe their natural actions give rife 
to agreeable fenfations ; that, from the ftrudure of the 
mammre, a gentle, but pleafant, fenfation, is excited by 
the adtion of fucking ; that the mother is often incom- 
moded by too great a quantity of milk, and that fucking 
relieves her ; that the young love their mother, becaufe 
flie feeds, protedts, and communicates to them a cherlfti- 
ing warmth ; that, among the feathered tribes, "and par- 
ticularly thofe which fit upon their young, by the gentle 
motions of the little ones, an agreeable fenfation is excited 
in the belly of the mother, wihich is then frequently de- 
prived of feathers. All thefe fources of reciprocal pleafure 

I i may 
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may be true : But ftill they are only effects, and not 
original caufes, of filial and parental atledion ; for that 
mutual attachment exilh the moment after the young 
animals come into the world, and, of courfc, previous 
to all experience of titillation, of heat, of habit, or of 
any other circumflances that may, perhaps, contribute 
to flrcngthen or prolong the exertion of the primary caufe, 
which muft remain forever concealed from human pene- 
tration. 

In moft animals, except the human fpecies, parental 
and filial affection ceafe whenever the young are able to 
provide for ihemfelves. The plcafurcs derived from fuck- 
ing, and from other circumflances formerly mentioned, 
might for fome time remain ; but the young grow large, 
unv/ieldy, petulant, and enter into competitions for food, 
which not only contribute to alienate the affedion ot the 
parents, but even to excite refentmcnt and averfion. 
Thefe, however, are only fecondary caufes. The purpo- 
fes of Nature are fulfilled. The ardour of afl'edion, which 
was indifpenfably neceflary to the protedion and rearing 
of the young, being now no longer ufeful, is fo totally 
extinguifhcd, that neither the parents nor the offspring 
are capable of recognizing one another. This temporary 
and amiable infiindt is obliterated, and never revives till 
the fervours of love are again felt, and a new progeny 
appear. 

Marriage, or pairing, though by no means an univerfal 
inftitution of Nature, is not unfrequently exhibited in 
the animal creation. With regard to man, both male 
and female are inflindively impelled to make a fcledtion. 
The force of this natural impulfe is ftrongly felt by every 
young and uncorruptcd individual. When not reltrained 
by necelTity, or other powerful motives, men and women 
would intermarry long before it would be prudent in ci- 
vilized or artificial ftates of fociety. This univerfal, and 
almofl irrefiflible, impulfe of feledion, is to me the ftrong- 
eft: argument in favour of monogamy, or the union of 
pairs, among the human fpecies. 

The fame impulfe, or law of Nature, lak.. ; ;)lacc among 
many other animals, as the partridge tribes, the fwallow, 

the 



OF NATURAL HISTORY. 251 

the linnet, and, in general, all the fmall birds. The af- 
fiduity, attention, mutual affe^lion, laborious vigilance, 
and ftedfaft fidelity of pairing animals, are truly admi- 
rable, and, to ingenuous minds, afford the mofl: exem- 
plary admonitions to virtue and conjugal attachment. 

Befide this forcible impulfe of feledion implanted by 
Nature in man, and in every other pairing animal, fome 
other fa£ts deferve to be noticed. In all pairing animals, 
including, of courfe, the human race, the males and fe- 
males produced are nearly equal. This is a plain indica- 
tion that Nature deftined thefe animals to pair, or to 
marry. Injuftice, jealoufy, animofity, and every animal 
calamity, would enfue, if this order of Nature were en- 
croached upon in creatures who are endowed with the 
inftind of fexual feledion. 

It is not incurious to remark, that human inftitutions 
often contradift the laws of Nature. The dunghill-cock 
and hen, in a natural ilate, pair. In a domeltic Itate, 
however, the cock is a jealous tyrant, and the hen a pro- 
ftitute. But, even in this unnatural fociety, a fele^ion 
is fometimes to be obferved. The fame phenomenon is 
exhibited among mankind, wh^ placed in certain fitua- 
tions. Like domeftic poultry, the Turks, and fome Afi- 
atic and African nations, influenced by an accurfed go- 
vernment, and by an execrable religion, rebel againPc the 
law of love, and of reciprocal attachment. In thefe coun- 
tries, a rich man not only engroITes, but imprifons and 
tortures, as many beautiful women as his fortune enables 
him to fupport. Dellitute of all thofe endearments v/hich 
arife from mental communication, from parental tender- 
nefs and alfeiTtion, from mutual confidence and folace, he 
is, while young, perpetually tormented with jealous ap- 
prehenfions. As he advances in life, his jealoufy and 
his terror augment. Though his females are fcl'tipuloufiy 
guarded from every intrufion, by fervile and mutilated 
wretches, his fears increafe with his years and debility, 
till a premature and comfortlefs old age puts a period to 
his infignificant and liftlefs exiltence. 

In general, it is to be remarked, that all thofe fpecies 
of animals, whofe offspring require, for fome time, the 

induftry 
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induftry and fupport of both parents, arc endowed with 
th ot' rdcction, or of" pairing. With re;!;ard ti> 

th _v,'d tribes, pairing is ainioil univcrlal. A dil"- 

tindion, however, as to the duration and circum(lancc« 
of their pairing, is to be observed. The young of all the 
fmaii birds, as well as of moil of the larger kinds, con- 
tinue for fome weeks in a weak and helplefs condition. 
The mother is not, like quadrupeds, provided with or- 
gans fitLed to fecrctc milk ; of courfe, Ihc is unable to 
jiourilli them out of her own body. She is therefore ob- 
liged to go abroad in qucft of food for them. But the 
progeny are fo numerous, that all her induilry, if not 
adiiled oy the father, would be inetfettual for their fup- 
port and protedlion. In all birds whofe young are in 
thio condition, tlie males and females not only pair, but 
each of them is endowed with the llrongefl parental af- 
fection. Both are equally anxious and indultrious in 
procuring food for their mutual oli'opring. Tliis parental 
care and attachment uniformly continues till the young 
are fledged, and have acquired fuflicient ftrength to pro- 
vide for themfelvcs. Kagles, and fome other birds of 
prey, continue faithfully*in jiairs tor years, and perhaps 
during life. Thefe fads alford a itrong argument in fa- 
vour of marriage among m.uikind. No animal remains 
fo long in the infant and helplefs Itate as the children of 
men ; and no mother could, with her own induflry, pof. 
fibly fuckle and procure nouriniment for a numerous fa- 
mily. Here, as in the feathered tribes, the aififtance of 
the father becomes indifpenfable. On this fubjed, a cu- 
rious imlindt merits attention. The male of molt birds 
not only felects a female, but, with great ailiduity, brings 
food to her when fitting on her eggs, and often relieves 
ber, by fitting on them himfelf. 

There are other fpecies of pairing birds, whofe young, 
as foon as they are harched, are capable of eating their 
food when prefented to them, and, of courfe, require lefs 
labour from the parents. In thefe fpecies, accordingfy, 
the iwAc pays no attention to the progeny, becaule it is 
unneceaary ; but the mother carefully leads them about 
10 places where proper food is to be had, protects them 

from 
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from injuries, and communicates heat to them by cover- 
ing them v/ith her wings. 

C^iadrupeds, efpecially thofe which feed upon grafs, 
do not pair ; becaufe, while the female gives fuck to her 
young, fhe herfelf is feeding. Befide, the younp; of this 
tribe, very foon after birth, can eat grafs, and other ve- 
getables. The Count de Buffon remarks, that the roe- 
deer, though they feed upon grafs, are to be excepted 
from this rule ; for they pair, and have annually but one 
litter. Lions, tigers, wolves, and other rapacious qua- 
drupeds, do not pair. The whole labour of procuring 
food is devolved upon the female, which often fhortens her 
own life, as well as that of her offspring. In relation to 
man, this is a fortunate circumftance ; for, if beafts of 
prey paired, a dangerous multiplication of thofe deflruc- 
tivc fpecies would be the confequence. But pairing is 
effentially neceffary to birds of prey ; becaufe, during the 
procefs of incubation, the female would not have time 
fufficient for procuring food ; which, in thefe animals, 
requires both patience and addrefs. Some quadrupeds, 
particularly thofe which lay up provifions for the winter, 
as the beaver, pair. As foon as the young beavers are 
produced, the males abandon the ftock of provilions to 
the females, and go in queft of food for themfelves. Buc 
they by no means relinquifh their mates ; but frequently 
return and vifit them while they are fuckling their young. 

If man, and fome of the pairing animals, be excepted, 
the feafons of love are limited to particular times of the 
year. Thefe feafons, though various, are admirably adar t- 
ed to the nature and oeconomy of the different fpecies. 
In all animals of this kind, the feafons of love, and the 
times of female geflation, are fo contrived by Natiire, 
that the offspring, when brought forth, are amply fup- 
plied with the particular fpecies of food upon which they 
principally live. Though the times of geltation vary con- 
fiderably among fuch quadrupeds as feed upon grafs, the 
refpedive females uniformly bring forth early in fummer, 
when the grafs is tender and luxuriant. The mare comes 
in feafon in fummer, carries eleven months, and is deli- 
vered in the beginning of May. Sheep and goats come 

in 
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in feafon in the end of Oclober or beginning of Novem- 
ber. They carry five months, and produce when the 
grafs begins to fpring. It is worthy of oblervation, that, 
though the times of gcflation in the fame fpccics, and in 
all latitudes, never alter, yet the fcafons of love, and 
times of delivery, vary with the climate. In Italy, fliecp 
come in feafon in the months of June or July. The fe- 
males, as ufual, carry five months, and bring forth in 
November or December, the very period when grafs, in 
that climate, is in its beft ftatc for palture ; for, in April, 
it is burnt up, and fheep have nothing to browfe upon 
but fhrubs. The rutting feafon of the flag is in the end 
of September and beginning of October, and the female 
brings forth in May or the beginning of June. Thefe 
animals inhabit the higheft mountains of Scotland, where 
the grafs, of courfe, docs not begin to fpring fo early as 
in the lower parts of that country. Beavers come in fea- 
fon about the end of autumn, and bring forth in Janua- 
ry, when their ftorc-houfes are full of provifions. The 
young of pairing birds are produced in the fpring, when 
the weather begins to be comforrably warm, and their 
natural food abounds. In a word, the bringing forth, or 
hatching, of all anir' ' , not excluding the infect tribes, 
uniformly takes place at thofe feafons of the year when 
the nature of the weather, and the food peculiar to the 
fpecies, are beft adapted to the conftitution of their off- 
fpring. Caterpillars of every kind are never hatched till 
the various plants on which they feed, though they grow 
in different months, have put forth their leaves. 

We (hall conclude this fubjccl, by giving a Table of 
the Relative Fecundity, &c. of Animals, which, in a 
ftiort compafs, folves a number of queftions with regard 
to the natural hiftory of quadrupeds. It is taken from 
the eighth volume of the Tranflation of Buffon, to whofe 
authority moft readers will be inclined to give great 
weight. 
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C II AFTER XII. 



0/ ihc Transformaticn of Anitmls. 

THE transformation of caterpillars, and of ditrcrcm 
kinds of ^vorms, into winged infefts, has long ex- 
cited the attention, as well as the admiration of mankind. 
But the truth is, that every animal, without exception, 
undergoes changes in llrudure, mode of exiflence, and 
external appearances. Mankind, from their cmbryo- 
ftate, to their final diflblution, afTume many difl'erent 
forms. Some weeks alter conception, the rudiments of 
a human being are to be perceived. As pregnancy ad- 
vances, the approaches to the perfeft figure become gra- 
dually more diflinguiHiable, till the period of birth. 
While in the fcetus-ftate, the head is difproportionally 
larn^e, Avhen compared with the other parts of the body ; 
nourirtinient is conveyed to it by very dilTercnt channels; 
and refpiration is not neceflary, becaufe the circulation 
of the blood is not carried on in the fame manner as 
after birth. Even after birth, the form, fymmctry, and 
organs of the animal are by no means complete. The 
head continues for fome time to be difproportionally large; 
the hands and feet are not properly fliapcd ; the legs are 
crooked ; the hair on the head is fhort and fcanty ; no 
teeth as yet appear ; and there is not a veftige of a beard. 
In a few months, however, the fymmetry of all the parts 
is evidentlv improved, and the teeth begin to fhoot. The 
growth of the whole body, as well as the ftrength and 
beauty of its form, gradually advance to perfeclion till 
the fixth or fcventh year, when another change takes 
place. At this period, the firft fet of teeth are Ihed, and 
are replaced by new one^. From boyhood to puberty, 
the fize of the body, and oi" its different members, in- 

crcafc 



OF NATURAL HISTORY. 259 

creafe. When the age of puberty arrives, feveral im- 
portant changes are produced in the fyftem of both males 
and females. The beard now makes its appearance ; the 
dimenfions of the body, in mod individuals, are fuddenly 
augmented; and both fexes become capable of multiply- 
ing the fpecies. From this period, to the age of tv/enty- 
five or thirty, the mufcles fwell, their interfaces are filled 
with fat, the parts bear a proper proportion to each other, 
and man may now be confidered as a perfeft animal. In 
this flate of bodily perfedtion and vigour, he generally 
remains till he reaches his fiftieth year. Then a new but 
a gradual change begins to appear. From the fiftieth year 
to the age of feventy or eighty, the powers of the body 
decline in their flrength and activity. The mufcles loi'e 
their fpring and their force. The vigour of manhood is 
no longer felt, and the withered decrepitude of old age 
is fucceeded by death, its unavoidable confequence. 

The mind of man undergoes chan<Tes as well as his 
body. The tafle, the appetites, and the difpofitions, are 
in perpetual fluctuation. How different is the tafle of a 
child from that of a man ? Fond of gewgaws and of tri- 
fling amufements, children frolic away their time without 
much thought or refleftion. When advancing toward 
puberty, their difpofitions and defires fuffer a gradual 
mutation. New inflindts are unfolded, and a fenfc of 
propriety begins to be perceived. They defpife their 
former occupations and amufements ; and different fpe- 
cies of objeiSts folicit and obtain their attention. Their 
powers of reflection are now conliderably augmented ; 
and both fexes acquire a modefly and a fhyuefs with re- 
gard to each other. This aukward, but natural bafhful- 
nefs, by the intercourfe of fociety, as well as by the 
impulfes of Nature, vanillies foon after puberty, when 
the flate of manhood and of gallantry commences. From 
this period to the age of twenty-five or thirty, men's 
minds affume a bold, enterprifmg, and active tone. They 
engage in the bufinefs of life, look forward to futurity, 
and have a defire of marrying and of eflablifhing families. 
All the focial appetites are in vigour ; folid and manly 
friendships are formed ; and man goes on for fome time 

to 
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to enjoy every kind of happinefs which his nature is ca- 
pable of afforJiiig. 1 wilh the next change had no cxill- 
ence. At fifty or fixty, the mental powers, in general, 
like thofe of the body, begin to decline, till feeble and 
tremulous old age arrives, and death clofes the mutable 
fcenc of human life. 

With regard to quadrupeds^ both before and after birth, 
they undergo fimilar, and many of them greater, changes 
of form than thofe of the human fpecies. Their mental 
powers, likewife, their difpofitions and manners, as well 
aa the objects of their attention, vary according to the 
diiFerent Itages of their exillcncc. Many of them come 
into the world blind, and continue for fonie time before 
they receive the fenfe of feeing. How many changes are 
exhibited in the dog from birth till he becomes a perfedl 
animal, till all his members are completely formed, and 
all his inllincls are unfolded and improved by experience 
and education ? The deer-kind acquire not their magni- 
ficent and beautiful horns before the age of puberty ; and 
even thefe arc annually caft oft and renewed. Similar 
changes rake place in quadrupeds of every denomination ; 
with examples of which every man's experience and re- 
collcftion will readily fupply him ; and, therefore, it is 
unneceiTary to be more particular. 

Neither are birds, in their progrefs from birth to ma- 
turity, exempted from changes. Like quadrupeds, many 
birds are blind for fome time after they are hatched. In 
this condition, how dillerent are their form and appear- 
ances from thofe of the perfect animals ! At firft, they 
•are covered witn a kind of down inftead of feathers, 
Even after the feathers flioot, they are often of a colour 
difierent from that which they acquire when full grown. 
The beautifully -variegated colours of the peacock's tail 
appear not till he arrives at his third year *. Birds that 
have crefts, or wattles, live a corfiderable time before 
they acquire thefe ornaments, or marks of dii'tin£tion. 
All birds anuuaily molt, or cafi: their feathers, in the fame 
r^ianner as quadrupeds fhcd their hair, the new pufliing 
uut the old. 

Frogs, 

* Linnii Arr.ccn. Acid. \ :\. .\. p. ;;ti8. S. 
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.<.Frogs, and many other amphibioKs animals, undergo 
great changes in their form and ftruclure. When it firfl: 
t;fcapes from the egg, a frog appears in the form of a 
tadnole, an animal with a large roundifti head, and a 
compreffed or flat tail, but totally deftitute of feet and 
kgs. In this ftate it remains a confiderable time, when 
tl^e two fore-feet begin to fhoot, and have an exad re- 
femblance to the buds of trees. As their growth advan- 
ces, the toes and legs are diftinguilhable. The fame 
procefs goes on with the hind-legs, only they are fome- 
what later in making their appearance. During the 
growth of the legs, the blood being drawn into different 
chatmels, the tail differs a gradual mortification, till at 
lalt it totally vanifhes, and the tadpole is metamorphofed 
into a quadruped. Tadpoles never come out of the wa- 
ter 5 but, after their transformation into frogs, they be- 
come aniphibious, and occafionally frequent both land 
^iid water. 

The crxijiaceous tribes, r.s lobfters, crabs, &c. befide the 
^liilti^rent appearances they affume while growing to per- 
feclioii. rail their fliells every year. When this change 
is about to hsppen, they retire into the crevices of rocks, 
or melicr themielves below detached ftones, with a view 
to conceal and defend their bodies from the rapacious 
attacks of other filhes. After the fhells are caft, the ani- 
mals are exceedingly weak and defencelefs. Inftead of 
their natural defence of hard fliells, and flrong claws, 
they are covered only with a thin membrane or (kin. In 
this ftate they become an eafy prey to almoft every fifh 
that fwims. The Ikin, however, gradually thickens and 
grows harder, till it acquires the ufual degree of firmnefs. 
By this time the animals have refumed their former 
ftrength and activity ; they come out from their retire- 
ments, and go about in queft of food. 

Serpents, and many other reptiles, caft their fkins an- 
nually. The beauty and luftre of their colours are then 
highly augmented. Before cafting, the old fkins have a 
taruilhed and withered appearance. The old fkins, like 
the firft fet of teeth in children, are forced off by the 
growth of the new. 
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We come now to give fome account of the transfor- 
mations of infests, which are both various and wonderful. 
All winged infecls, without exception, and many of thofe 
which arc deftitute of wings, mull pal's through fcveral 
changes before the animals arrive at the perfc6lion of 
their natures. The appearance, the flru<5lure, and the 
organs of a caterpillar, of a chryfalis, and of a fly, arc 
fo different, that, to a perfon unacquainted with their 
transformations, an identical animal would be confidered 
as three diflinCl: fpecics. Without the aid of experience, 
who could believe that a butterfly, aJorned with four 
beautiful wings, furnifhed with a long fpiral probofcis or 
tongue, inftead of a mouth, and with fix legs, fhould 
have proceeded from a difgufting, hairy caterpillar, pro- 
vided with jaws and teeth, and fourteen feet ? Without 
experience, who could imagine that a long, white, fmooth, 
foft worm, hid under the earth, fhould be transformed 
into a black, cruftaceous beetle, having wings covered 
with horny elytra, or cafes ? 

Upon this branch of the fubjecl, we fhall, Jirjl, give 
an example or two of the mofl common transformations 
of Infects ; and, fecondly, defcribe fome of the more un- 
common kinds. 

Befide their final metamorphofis into flies, caterpillars 
undergo feveral intermediate changes. All caterpillars 
caft or change their fkins oftener or more feldom, accord- 
ing to the fpecies. Malpighius informs us, that the fdk- 
worm, previous to its chryfalis flate, caffs its fkin four 
times. The firft fkin is caft on the loth, iith, or 12th 
day, according to the nature of the feafon ; the fecond 
in five or fix days after ; the third in five or fix days more; 
and the fourth and laft in fix or feven days after the third. 
This changing of fkin is not only common to all cater- 
pillars, but to every infect whatever. Not one of them 
arrives at perfection without cafling its fkin at leafl once 
or twice. The fkin, after it is caft, prelerves fo entirely 
the figure of the caterpillar in its head, teeth, legs, colour, 
hair, &c. that it is often miflaken for the animal itfelf. A 
day or two before this change happens, caterpillars take no 
food : They lofe their former activity, attach themfelves 
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to a particular place, and bend their bodies in various 
dire(Aions, till at laft they efcape from the old (kin, and 
leave it behind them. The inteftinal canal of caterpil- 
lars is compofed of two principal tubes, the one inferted 
into the other. The external tube is compact and flefliy ; 
but the internal one is thin and tranfparent. Some days 
before caterpillars change into the chryfalis flate, they 
void, along with their excrement, the inner tube which 
lined their rtomach and inteftines. When about to pafs 
into the chryfalis (late, which is a ftate of imbecility, 
caterpillars fcled the moft proper places and modes of 
concealing themfelves from their enemies. Some, as the 
filk-worm, and many others, fpin filken webs or cods 
round their bodies, which completely difguife the animal 
form. Others leave the plants upon which they formerly 
fed, and hide themfelves in little cells which they make 
in the earth. The rat-tailed worm abandons the water 
upon the approach of its metamorphofis, retires under 
the earth, where it is changed into a chryfalis, and, after 
a certain time, burfts from its feemingly-inanimate con- 
dition, and appears in the form of a winged infedt. Thus 
the fame animals pafs the firfl and longefl; period of their 
exiflence in the water, another under the earth, and the 
third and laft in the air. Some caterpillars, when about 
to change into a chryfalis ftate, cover their bodies with a 
mixture of earth and of filk, and conceal themfelves in 
the loofe foil. Others incruft themfelves with a filky or 
glutinous matter, which they pufti out from their mouths, 
without fpinning it into threads. Others retire into the 
holes of walls or of decayed trees. Others fufpend them- 
felves to the twigs of trees, or to other elevated bodies, 
with their heads undermoft. Some attach themfelves to 
walls, with their heads higher than their bodies, but in 
• various inclinations ; and others choofe a horizontal po- 
fition. Some fix themfelves by a gluten, and fpin a rope 
round their middle to prevent them from falling. Thofe 
which feed upon trees attach themfelves to the branches, 
inftead of the leaves, which are lefs durable, and fubjedt 
to a greater variety of accidents. The colours of the 
caterpillars give no idea of thofe of the futu^-e flies. 

In 
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In general, the figure of chryfalids nnproaclics to that 
of a cone, efpecinlly in their poltcrior part. When un- 
der this form, the infecl fccms to have neither legs nor 
wings. It is incapable cither of walking or of crawling* 
It takes no nourifhment, bccaufc it has no organs faited 
to that purpofe ; yet, in fome fpccics, life is continued 
for feveral months before their hil mctpmovphofis takes 
place. In a word, it feems to be a lifclci's niafs. But, 
upon a more attentive obfervation, it poffLfies the powei^ 
of bending upwards and downwards tlie j*ollerior part of 
its body. The (kin, or exterior covering, of thofe A^hich 
do not fpin cods, feems to be of a cartilaginous na'^urc. 
It is commonly fmooth and fliining. In fome fpecieSj 
however, the Ikin of the chryfalis is more or lefs covered 
with hair, and other rugofities. Though chryfalids dif» 
fer both in figure and colour, their appearances are by 
no means fo various as thofe of the caterpillars from which 
they are produced. The colour of fome chryfivllds is 
that of pure gold, from which circumftance the whole 
have received their denomination. For ihe fame rcafon 
they are called aurelia in Latin. Some are brown, others 
green ; and, indeed, they are to be found of almoll every 
colour and fliade. * 

The life of winged infefts confifts of three principal 
periods, which prefent very different fccnes to the Undent 
of Nature. In the firft period, the infeft appears under 
the form of a '■joorm^ or caterpillar. Its body is long, cy- 
lindrical, and confifts of a fucceffion of rings, which are 
generally membranous, and encafed within each other. 
By the aid of its rings, or of crotchets, or of feveral pairs 
of legs, it crawls about in queft of food ; and its move- 
ments are, in fome fpecies, remarkably quick. Its head 
is armed with teeth, or pincers, by which it eats the leaves 
of plants or other kinds of food. In this flate, it is abfo- 
lutely deprived of fex, and, confequently, of the power 
of multiplication. Its blood moves from the tail toward 
ihe head. It refpires either by ftigmataor fmall apertures 
placed on each fide of its body, or by one or feveral tubes 
iituated on its pofterior part, which have the refemblance 
«f fo many tails. In the fecond period, the infed appears 

under 
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under the form of a nymph, or that of a chryfalls. When 
Sin infeft, after throwing off the ikin of the caterpillar^ 
exhibits all its external parts, only covered with foft and 
tranfparent membranes, it is called a nymph. But, when 
to thefe membranes is added a cotnmon and cruftaceous 
covering, it receives the name of a chryfalis. While in 
the ftate of a nymph, or that of a chryfalis, infecls, in 
general, are totally inadive, and feem not to pofl'efs any 
powers of life. Sunk into a kind of deep lleep, they are 
little affeded with external objedts. They can make no 
ufe of their eyes, their mouth, or any of their members ; 
for they are all imprifoned by coverings more or lefs ftrong. 
No cares occupy their attention. Deprived of the faculty 
of motion, they remain fixed in thofe fituations which 
they have chofen for their temporary abode, or where 
chance has placed them, till their final metamorphofis into 
flies. Some of them, however, are capable of changing 
place ; but their movements are flow and painful. Their 
blood circulates, but in a contrary diredion from what 
takes place in the caterpillar flate ; for it proceeds from the 
head toward the tail. Refpiration continues to go on, 
but the organs are differently fituated. In the caterpillar, 
the principal organs of refpiration were placed at the pof- 
terior part of the body; b«t now thefe fame organs are 
to be found at the anterior part of the animal. In the 
third period, the infeft has acquired that perfect organi- 
zation which correfponds to the rank it is to hold in the 
fcale of animation. The bonds of the nymph, or of the 
chryfaHs, are now burft afunder, and the infecl commences 
a new mode of exiftence. All its members, formerly foft, 
inadtive, and folded up in an envelope, are expanded, 
Itrengthened, and expofed to obfervation. Under the 
form' of a worm, or caterpillar, il crav/lcd ; under thofe 
of a nymph, or chryfalis, its power of moiion was aimoft 
annihilated ; under the laft form, it is furnifhed v/ith fix 
fpringy legs, and two or four wings, with which it is en- 
abled to fly through the air. Inftead of teeth, or pincers, 
v/ith which it divided a grofs aliment, it has now a trunk, 
by which it extracts the refmed juices of the mofh delicate 
flowers. Indead of a few fmooth eyes which it poQeffed 
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in the worm or caterpillar ihitc, the new infed is turnillt-' 
cd \vith both linooth and convex eyes, to the number ol 
feveral thouliinds. 

The internal parts of the infed have Ukewife undergone 
as many changes as the external. The texture, the yno- 
poTtions, and the number of the vifcera, are greatly altered. 
Some have acquired an additional degree of confiltencc ; 
others, on the contrary, are rendered Hner and more de- 
licate. Some receive a new form, and oiliers are entirely 
annihilated. Laltly, fome organs in the perfect infed, 
which feemed formerly to have no exirtence, are unfold- 
ed, and become vifible. The moll important of this lall 
kind are the organs of generation. The caterpillar, the 
nymph, and the chryfalis, were of no lex. But, after 
transformation, both fexes are diftinguilhable, and the 
animals are capable of multiplying their fpecies. 

We fnall now give fome examples of transformations 
which deviate from the common mode. 

Some infeds hold a middle rank between thofe which 
prel'erve their original figure during life, and thofe that 
fuii'jr transformations. Iheir exillence is divided into 
two periods only. Tiiey walk in the fird, and fly in the 
fecond. Thus their only metamorphofis confills of the 
addition of wings, the growth and cxpanfion of which 
are performed without any conliderable alteration in the 
figure of their bodies. 

There is not a law ellablifhed among organized bodies 
which feems to be lo univerfal, as that all of them grow, 
or augment in fize, after birth, till they arrive at matu- 
rity. If a hen were to bring forth an egg as large as her 
own bodv, and if this egg, when hatched, were to pro- 
duce a bird of equal dinienfions with either of the parents, 
it would be confidered as a miracle. But \\\c fpider-fiy^ 
fo denominated from its figure, affords an example ot a 
fimilar prodigy. This fly actually layi> an egg, from which 
a new fly is hatched that is as large and as perfect as its 
mother. This egg is roundifli, is at lirft white, and af- 
terwards afiumes a Ihining black colcmr. Upon a more 
accurate examination, however, this production was 
found to be an egg only in appearance. When the en- 
velope 
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velope is removed, inftead of a gelatinous fubftance, the 
new infedt, furnilhed with all its members, is difcovered. 
But this difcovery does not render the fa6t the lefs won- 
derful. All winged infects undergo tbeir different tranf- 
forniations after being expelled from the bodies of their 
mothers, and receive great augmentations of fize before 
their mctamorphofis into the nymph or chryfalis ftate, 
after which their growth Hops. But the fpider-fly affords 
an inllance of an infect transformed in the belly of its 
mother, and which grows no more after it efcapes from 
its envelope. This fad is fully authenticated by Reau- 
mur*, Bonnet -j-, and other naturalifts. 

The worm from which the tipula or crane-fly is pro- 
duced is perfedlly fmooth. Immediately before its firfl 
transformation it retires under ground. After this me- 
tamorphofis, the furface of the nymph is furnifhed with 
a number of prickles. By means of thefe prickles, the 
nymph, when about to be transformed into a fly, raifes 
itfelf in its hole till the chefl of the infed is above ground. 
The fly then burlts its prifon, mounts into the air, and 
leaves its former covering behind in the earth. 

Manv fpecies of flies depofit their eggs in the leaves 
and different parts of plants. Soon after the egg is in- 
ferted into the leaf, a fmall tubercle begins to appear, 
which gradually increafes in magnitude till the animaj is 
hatched, and has paffed through its different transforma- 
tions. Thefe tubercles are known by the name of galls, 
and are very different in their form, texture, colour, and 
fize. Galls of every kind, however, derive their origin 
from the flings of infects, which generally belong to the 
clafs of flies. The female fly, by means of her fling, 
makes incifions in the leaves or branches of a tree, and 
in each incifion fhe lays an egg. This egg is at firfl ex- 
tremely minute ; but it foon acquires a confiderable bulk, 
and the gall has arrived at its full fize before the worm 
is hatched. This gall feems to be analogous to the mem- 
branes which invefl a foetus, and expand in all direccions 
in proportion to its growth. That the eggs of oviparous 
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animals grow while in the ovarium is iinivcrlally known j 
but it is fmc^ular that the eggs ot galUliics fhould grow 
after being Icparated from the body of the mother. Thcfc 
eggs mull undoubtedly be furnilhed wiili external vcHels, 
or a kind of roots, by which they extratl juices from 
the internal cavity of the gall. Mulpighius aicribes the 
origih of galls to a corrofiv^ liquor introduced by the Hy 
into the wound. But Reaumur, to account for the growth 
of a gall, thinks it unneccH'ary to have recourfe to any 
fuppofed poifonous fluids, and attributes it to the fupcr- 
abundant nutricious juices derived to that particular part 
bv the continual action of the abforbent vellels of the 
egg, joined to its heat, which may be compared to a little 
fire ])laced in the center of the tumour. 

Whether thefe caufes are fuflicient to explain the growth 
of galls, we lhall fubmit to the judgment of the reader. 
But, that the eggs depofited by the liies augment in fize ; 
that worms proceed from them ; that thele worms are 
nourifhed, and live a certain time imprifoned in the galls ; 
that they are there transformed into nymphs or chryfa- 
lids ; and, laitly, that they are metamorphofed into wing- 
ed infeds, which, by gnawing an aperture through the 
gall, take their flight in the air ; are known and incon- 
tellible faclb, of the truth of which every man may eafily 
fatisfy himfelf. Examine the common oak-galls, or thole 
of any other tree ; if any of them happen to have no 
aperture, cut them gently open, and you are certain to 
find an egg, a worm, a chryfalis, or a fly : But in fuch 
as are perforated by a cylindrical hole, not a veftige of 
an animal is difcoverable. The galls which make an in- 
gredient in the compofition of ink are thick, and their 
texture is very ftrong and compadt : That the fmall ani- 
mals tliey contain fhould be able to pierce through fuch 
a rigid fubflance is truly wonderful. 

In the general order of Nature among oviparous ani- 
mals, each egg includes one embryo only. A fingular 
fpecies of eggR, however, difcovered by the celebrated 
Mr. Folks, late Prefident of the Royal Society of London, 
muft be excepted. He found great numbers of them in 
the i^ind of fmall rivulets. In fize they equalled the head 
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of an ordinary pin. They were of a brown colour, and 
their furface was cruftaceous, through which, by employ- 
ing the microfcope, feveral living worms were diftin£^:ly 
perceptible. By dexteroully breaking the fliell, he dif- 
lodged them ; and he found with furprife, that eight or 
nine worms were contained in, and proceeded from, the 
fame egg. They were all well formed, and moved about 
with great agility. Each of them was inclofcd in an in- 
dividual membranous covering, which was extremely thin 
and tranfpavent. It were to be wiflied that the transfor- 
mations of thefe extraordinary animals had been traced. 

Some caterpillars, when about to transform, make a 
belt pafs round their bodies. This belt is compofed of 
an alTemblage of filken threads fpun by themfelves, the 
ends of which they pafte to the twigs of bufhes, or other 
places where they choofe to attach their bodies. They 
likewife fix their hind legs in a tuft of filk. After trans- 
formation, the chryfalids remain fixed in the fame man- 
ner as before their mctamorphofis. The belt is loofe, 
and allows the chryfalis to perform its flow and feeble 
movements. 

The whole moth-kind, as well as the. filk-worm, imme- 
diately before their transformation into tlie chryfalis ftate, 
cover their bodies with a cod or clue of filk, though the 
nature of the filk, and their mode of fpinning, are very 
different. The cods of the filk-worm are compofed of 
pure filk. Their figure is generally oval, which neceffa- 
rily refults from that of the animal's body upon which 
they are moulded. When fpinning, they twift their bo- 
dies into the form of an S. The cod is produced by 
numberlefs circumvolutions and zigzags of the fame 
thread. The filk is fpun by an inftrument fituated near 
the mouth of the infeft. The filky matter, before it is 
manufactured by the fpinning inftrument, appears under 
the form of a gum almolt liquid, which is contained in 
two large refervoirs contorted like the inteftines of larger 
animals, and which terminate at the extremity by two 
parallel and flender conduits. Each conduit furnifhes 
matter for one thread. The fpinning inftrument, as is 
evident when viewed by the microfcope, unites the two 

threads 
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threads into one. Thus a thread of filk, which has the 
appearance of being Tingle, is in realitv double, and fpun 
with great dexterity. Some writers, who delight in the 
marvellous, afcribe forefight to the ft Ik-worm in fpinning 
its cod. The filk-worin, it muft be acknowledged, ads 
as if it forefaw the approaching event. But the truth is, 
that, when the animal has acquired its full growth, its re- 
fervoirs of ftlk are completely filled. It thon feems to be 
ftrongly ftimulated to evacuate this glutinous matter. Its 
dift'erent movements and attitudes, while difcharging the 
lilk, produce thofe oval bundles which clothe and ornii- 
ment vafl numbers of the human fpecies. 

Another fpecies of caterpillar conftruds its cod in the 
form of a boat with the keel uppermolt ; but it conftfts 
not entirely of pure iilk. The animal, with its teeth, de- 
taches fmall triangular pieces of bark from a buih or a 
tree. Thefe pieces of bark it partes uj>on its body by 
means of a glutinous or ftlky fubilance, and they confli- 
tute a principal part of its cod. 

Another fpecies works alfo in wood, though not with 
equal art as the former. Its cod is compofcil entirely of 
fmall irregular fragments of dried wood. Thefe frag- 
ments the animal has the addref*; to unite together, and 
to form of them a kind of box which covers and defends 
its whole body. It accomplifhes this purpofe by moif- 
tening, for fome moments, the pieces of wood in its mouth, 
and then attaches them to each other by a glutinous fub- 
llance. Of this mixture the caterpillar forms a cod, the 
folidity of which is nearly equal to that of wood. 

The mofl: folitary of all infects are thofe who live in 
the internal parts of fruits. Many of them undergo their 
metamorphofis in the fruit itfelf, which affords them both 
nourifhment and a fafe retreat. They dig cavities in tha 
fruit, which fome of them either line with filk, or fpin 
cods. Others leave the fruit, and retire to be transform- 
ed in the earth. 

The metamorphofis of infects has been regarded as a 
fudden operation, becaufe they often burft their fhell or fil- 
ky covering quickly, and immediately appear furnifhcd 
with wings. But, by more attentive obfervation, it has been 
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difcoveved that the transformation of caterpillars is a 
gradual procefs from the moment the animals are hatched 
till they arrive at a (late of perfection. Why, it may be 
alked, do caterpillars fo frequently cafl iheir (kins ? The 
new fkin, and other organs, were lodgeil under the old 
ones, as in fo many tubes or cafes, and the animal retires 
from thefe cafes, becaufe they have become too ftrait. 
The reality of thefe encafements has been demonftrated 
by a fimple experiment. When about to moult or caft its 
Ikin, if the foremoft legs of a caterpillar are cut off, the 
animal comes out of the old (kin deprived of thafe legs. 
From this fact, Reaumur conjectured, that the ehryfalis 
might be thus encafed, and concealed under the lafi: fkin 
of the caterpillar. He difcovered that the ehryfalis, or 
rather the butterfly itfelf, was inclofed in the body of the 
caterpillar. The probofcis, the antennae, the limbs, and 
the wings, of the fly arre fo nicely folded up, that they 
occupy a fmall fpace only under the two firft rings of the 
caterpillar. In the firft fix limbs of the caterpillar are en- 
cafed the fix limbs of the butterfly. Even the eggs of the 
butterfly have been difcovered in the caterpillar long be- 
fore its transformation. 

From thefe fads it appears, that the transformation of 
infers is only the throwing ofl" external and temporary co- 
verings, and not an alteration of the original form. Ca- 
terpillars may be confidered as analogous to the foetufes of 
men and of quadrupeds. They live and receive nourifti- 
ment in envelopes till they acquire fuch a degree of per- 
fedion as enables theiti to fupport the fituation to which 
they are ultimately deftined by Nature. 

One would not readily believe that the cscrcmoits of a 
butterfly fliould be capable of exciting confternation in 
the minds of the people. But this event has frequently 
happened in dift'erent places and nations. Among many 
other prodigies which have terrified nations, Jhoivers of 
h/oodha.YQ been enumerated by hiftorians. Thefe Ihowers 
of bloGd-\vere fuppofed to portend great and calamitous 
events, as wars, the deftrudion of cities, and the over- 
throw of empires. About the beginning of July, in the 
vear 1608, one of thefe pretended fliowcrs of blood fell 
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in the fuburbs of Aix, and for fevcral miles round. Tin's 
fuppofcd fhowcr of blood, M. dc Reaumur remarks, 
would probably have been tranfmittcd to us as a great and 
a real prodigy, if Aix had not then been po^fefled of a 
philofopher, who, amidlt other fpecics of knowledge, did 
not neglect the operations and occonomy of infeds. This 
philofopher was M. de Peirefc, whofe life is written by 
Gaifendi. This life contains a number of curious faOs 
and obfervations. Among others, M. de Peirefc difco- 
vered the cauie of the pretended fliower of blood at Aix, 
which had created fo general an alarm. About the be- 
ginning of July, the walls of a church-yard adjacent to 
the city, and particularly the walls of the fmall villages 
in the neighbourhood, were obferved to be fpotted with 
large drops of a blood-coloured liquid. The people, as 
well as fome theologians, confidered thofe drops as the 
operation of forcerers, or of the Devil himfelf. M. de 
Peirefc, about that time, had picked up a large and beau- 
tiful chryfalis, which he laid in a box. Immediately after 
its transformation into the butterfly flate, M. de Peirefc 
remarked, that it had left a drop of blood-coloured li- 
quor on the bottom of the box, and that this drop, or 
ftain, was as large as a French fou. The red ftains on 
the walls, on (tones near the highways, and in the fields, 
were found to be pcrfeftly fimilar to that on the bottom 
of M. de Peirefc's box. He now no longer hefitated to 
pronounce, that all thofe blood-coloured ftains, wherever 
they appeared, proceeded from the fame caufe. The pro- 
digious number of butterflies which he, at the fame time, 
faw flying in the air, confirmed his original idea. He 
likewife obferved, that the drops of the miraculous rain 
were never found in the middle of the city ; that they ap- 
peared only in places bordering upon the country ; and 
that they never fell upon the tops of houfes, or upon wall>; 
more elevated than the height to which butternies gene- 
rally rife. What M. de Peirefc faw himfelf, he fhowed to 
many perfons of knowledge, or of curiofity, and efta- 
blilhcd it as an inconteftible fad, that the pretended drops 
of blood were, in reality, drops of a red liquor depofiteJ 
hv butterflies. 

To 
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To the fame caufe M. de Peirefc attributes fome other 
fliowers of blood related by hiflorians ; and it is worthy 
of remark, that all of them are faid to have happened in 
the warm feafons of the year, whea butterflies are moft 
numerous. Among others, Gregory of Tours mentions 
a fhower of blood which fell, in the time of Childebert, 
in different parts of Paris, and upon a certain kouic in 
the territory of Senlis ; and, about the end of the month 
of June, another likewife fell under the reign of King 
Robert. 

M. de Reaumur remarks, that almofb all the butterflies 
which proceeded from different fpecies of hairy caterpillars 
in his poffeflion, voided at lealt one, and often feveral 
large drops of excrement, which had the colour of blood. 
The hairy caterpillar that feeds upon the leaves of the elm- 
tree, after its transformation, emits drops, the colour of 
which is of a more deep red than that of blood ; and, af- 
ter being dried, their colour approaches to that of car- 
mine. From another caterpillar of the elm, which is 
larger, and much more common than the former, pro- 
ceeds a butterfly, that, immediately after its transforma- 
tion, emits a great quantity of red excrement. This fpe- 
cies of caterpillar, in particular years, is fo numerous, 
that it lays bare the whole trees in certain diftrids. My- 
riads of them are transformed, into chryfalids about the 
end of May or beginning of June. When about to un- 
dergo their metaraorphofis, they often attach themfelves 
to the walls, and even enter into the country hcufes. — 
If thefe butterflies were all brought forth at the fame time, 
and flew in the fame diredlion, their number would be 
fufficient to form fmall clouds, to cover the fl:ones, &c. of 
particular difliridts with blood-coloured fpots, and to cou- 
vince thofe who wifli to fright themfelves, and to fee pro- 
digies, that a fhower of blood had fallen during the night. 
Some of thofe hairy caterpillars which live in fodety up- 
on nettles, likewife emit an excrementitious matter of a 
red colour. A thoufand examples of the fame kind might 
be enumerated. Hence the notion of miraculous or por- 
tentous Ihowers of blood fhould be forever banifhed frorr, 
the minds of men. 

Mm I would 
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I would not have faid Co much upon this fubjed, it I 
had not (Tonfidercd it to be tlie duty ot every man, when 
it Is in his pov/er, to remove popular prejudices, efpecially 
when they have a direct tendency to terrify the minds of 
men, and to cherifh ignor;'nce and fuperilition. 

We not only read of fliowers, but, what feems to be 
more unaccountable, of fountains running occafionaliy 
with blood inflead of water. Sir David Dalrymplc, one 
of the Senators of the College of Jullice in Scotland, a 
gentleman not more diftinguilhcd by his learning and 
deep refearch, than bv his fcrupulous integrity and pro- 
priety of condutl, relates, in his Annals of Scotland *, 
upon . the authority of Hovcden and BenediAus Abbas, 
that, in the year 1184, * A fountain near KiKvinnIng |, 
' in the (hire of Air, ran blood for eight days am' oight 
' nights without intermiflion. This portent had freqwcntly 
' appeared, but never for fo long a fpace. In the opinion 
' of the people of the country, it prognoflicated thecHu- 

* fion of blood. Beneuidus Abbas, and R. Ilovedcn, rc- 
' late the flory of this portent with perfect credulity. Be- 

* nedidus Abbas improves a little upon his brother ; for 

* he is pofitive that the fountain flowed with pure blood.* 
If Kilwinning, like Aix, had pofl'effed fuch a philofopher 
as Peireic, the rednefs of the water, if ever it did appear, 
would have received a moll fatisfadory explanation. 

Transformations are not peculiar to animals. All or- 
ganized bodies pafs through fucccflive changes. Plants, of 
courfe, are not exempted from mutation- What an amaz- 
ing difference between an acorn and a /lately oak ? TIic 
feeds of plants may be compared to the chr^falids of but- 
terflies. The feed, like the chryfalis, contanis, in minia- 
ture, all the parts of the future plant. Thefe parts require 
only time, and other circumftances neceffary to vegeta- 
tion, for their complete evolution. How different are the 
feed-leaves from thofe of the plumq? Befide the general 
changes arifmg from growth, plants undergo a number 
of metamorphofes from other cauies. In northern cli- 
mates, if we except a few evergreens, trees, during win- 
ter, are entirely ffripped of their leaves. Inflead of the 

pleafant 
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pleafant emotions excited by the variety of figures, move- 
ments, colours, and fragrance of the leaves, flowers, and 
fruit, during the fpring and fummer, nothing is exhibited 
in winter but the bare ftems and branches. In this ftate, 
the trees of the foreft have a lugubrious appearance, and 
remind us of death and of Ikeletons. Very different are 
the emotions we feel in the fpring, when the buds begin to 
burft, and the leaves to expand. When fummer ap- 
proaches, another beautiful change takes place. The 
flowers, with all their fplendour of colours, and fweetnefs 
of flavours, are then highly delightful to our fenfes. Af- 
ter performing the office of cherifhing and protecting the 
tender fruit for fome time, the flowers drop off, and a 
new change is exhibited. When the flowers fall, the 
young fruit appear, and gradually grow to maturity, per- 
petually prefenting varieties in their magnitude, colour, 
odour, and flavour. When the fruit or feeds are fully 
ripe, they are gathered for the ufe of man, drop down 
upon the earth, or are devoured by birds and other ani- 
mals. After this change happens, to which all the OLaers- 
were only preparatory, the leaves begin to fhed, winter 
commences, and the fame feries of metamorphofes go on 
during the exigence of the plant. 

The changes juil now mentioned are annual, and are 
ultimately intended to fupply men and other animals with 
food. But plants are fubje^ed to changes of form from 
caufes of a more accidental nature. Varieties or changes 
in the figure of plants are often produced by foil, by fitu- 
ation, by culture, and by climate. 

A plant is compofed of the bark, the liber, or inner 
circle, the wood, and the pith. The calyx, or cup, the 
corolla, or flower-leaves, the ftamina, and piftils, are 
only expanfions of the bark, the liber, the wood, and 
the pith. The petals of all flowers, in a natural ftate, 
are fingle. But, when tranfplanted into gardens, many 
of them, efpecially thofe which are furniflied with rm- 
merous ftamina, as the anemone, the poppy, the peony, 
the ranunculus, the daify, the marigold, the rofe, &c. 
double, or rather multiply their flower-leaves without 
end. This change from fmgle to double, or monftrous 
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flowers, as they iire called, is produced by too great a 
quantity of nutricious juices, which prevents the fub- 
lance of the iibr r from condcn<Uij; Into wond, and tranl- 
ibrni; the iiamina into pcti^ls ; and it not um'rcquently 
happens, that, when tliefe double-flowering plants are 
committed to a potv,- fv^il, they become drier, arc rcdu- 
ce(! o thcir natural ftate, and produce fmgle flowers only. 
Plant? ^vhich inhabit the valleys, when transported to the 
tope of mountains, or other elevated fituations, not only 
heccinc" dwarfilli, but underr^jo fuch changes in their ge- 
ner?! ftr'Tcture and ?ippearance, that they are often thought 
to belon;:: to a dilfcrent fpecies, though they are, in re- 
ality, only \'v.riciies of the fame. Similar changes are 
produced when Alpine or mountain plants are cultivated 
in th'i valleys. 

From culture and climate, likewife, plants undergo ' 
many changes. But this fubjed is fo generally known, 
that to enlarge upon it would be entirely fuperfluous. 
Wc fhall only remark, that the older botanilts, when 
they perceived the fame fpecies of plants growing in a 
different foil, or in a different climate, affume fuch diffe- 
rent appearances, confidercd and enumerated them as dif- 
tintl fpecies. But the modern botanilts, to prevent the 
\mnccclfary multiplication of feparate beings, have en- 
deavoure ' to reduce all thofe varieties arifmgfrom fortui- 
tous circumltarices to thcir original fpecies. 

From thcfe fads, and many others which might be 
inentioneu, it appears, that, in both the animal and ve- 
getnble kingdoms, forms arc perpetually changing. The 
mineral kingdom is not lefs fubjedl: to rneramorphofis ; 
but* tLefe belong not to our prefcnt fubjeft. Though 
forms continually change, the quantity of matter is in- 
variable. The fame fubftances pafs fucceffively into the 
th-ee kingdoms, and conftitutc, in thcir turn, a mineral, 
a plant, an iriied, a r. ptilc, a fifh, a bird, a quadruped, 
a :nan. In thefe transformations, organized bodies are 
the ;^incipal agents. They change or decompofe every 
fubfl-a-. c that either enters into them, or is expofed to the 
adtion of their powerf*. Some they aiTimulate, by the 
procefs of nutrition, into their own fubflance; others 

they 
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they evacuate in different forms ; and thefe evacuations 
make ingredients in the compofitions of other bodies, as 
thoie of infetis, whofe multiplication is prodigious, and 
affords a very great quantity of organized matter for the 
nourifhment and fupport of almoft every animated being. 
Thus, from the apparently vileft and moft contemptible 
fpecies of matter, the richeft produdions derive their ori- 
gin. The moft beautiful flowers, the moft exquifite fruits, 
and the moil ufeful grain, all proceed from the bofom of 
corruption. The earth is continually beftowing frefh 
gifts upon us ; and her powers would foon be exhaufted, 
if what Ihe perpetually gives were not perpetually reftored 
to her. It is a hiw of Nature, that all organized bodies 
ftiould be decompofed, and gradually transformed into 
earth. While undergoing this fpecies of diffolution, their 
more volatile particles pafs into the air, and are diffufed 
through the atmofphere. Thus animals, at leaft portions 
-of them, are buried in the air, as well as in the earth, 
or in water. Thejfe floating particles foon enter into the 
compofition of new organized beings, who are themfelves 
deftined to undergo the fame revolutions. This circula- 
tion of organized matter has continued fmce the com- 
mencement of the world, and will proceed in the fame 
courfe till its final deftrudion. 

With regard to the intentions of Nature in changing 
forms, a complete inveftigation of them exceeds the 
powers of human refearch. One great intention, from 
the examples above enumerated, cannot efcape obferva- 
tion. In the animal world, every fucceflive change is a 
new approach to the perfection of the individuals. Men, 
and the larger animals, fome time after the age of pu- 
berty, remain ftationary, and continue to multiply their 
fpecies for periods proportioned to thdr refpedive fpecies. 
When thofe periods terminate, they gradually decay till 
their final diffolution. The fame obfervation is applica- 
ble to the infed: tribes, whofe transformations ftrike us 
with wonder. The caterpillar repeatedly moults or cafts 
off its (kin. The butterfly exifted originally in the body 
of the caterpillar ; but the organs of the fly were too 
foft, and not fufficiently unfolded. It remains unfit to 
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encounter the open air, or to perform ihe fundions of 
a perfed animal, till fome time after its transformation 
into a chryfalis. It then burfls through its envelope, ar- 
rives at a (late of perfection, multiplies its fpecies, and 
dies. All the changes in the vegetable kingdom tend 
to the fame point. In the procefs of growing, they art* 
perpetually changing forms till they produce fruit, and 
then they decay. Some plants, like caterpillars, go 
through all their transformations, death not excepted, in 
one year. But others, like man and the larger animals, 
befide the common changes produced by growth and the 
evolution of different organs, continue for many years 
in a flate of perfection before the periods of decay and 
of diffolution arrive. But thcfe perennial plants under- 
go, every year, all the vicillitudes of the annuals. They 
every year increafe in magnitude, fend forth new leaves 
and branches, ripen and difleminatc their feeds, and, 
during winter, remain in a torpid flate, or fuffer a tern- 
porary death. Thefe annual changes in trees, &c. have 
Ibme refemblance to thofe of animals which produce at 
certain flated feafons only. 

The diftribution of life to an immenfity of fucceflive 
individuals feems to be another intention of Nature in 
changing forms, and in the dilTolution of her produc- 
tions. Were the exiflence of individuals perpetual, or 
were it prolonged for ten times the periods now eflablifh- 
ed, life (hould be denied to myriads of animated beings, 
who enjoy their prefent limited portion of happiuefs. 
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CHAPTER Xlil. 



Of the Habitations of Animals, 

MANY animals, as well as thofe of the human fpfe- 
cies, are endowed by Nature with an architedonic 
faculty. This faculty is beftowed on them for a number 
of wife and ufeful purpofes. It enables them to conftrud 
proper habitations for concealing themfelves, for defend- 
ing them againft the attacks of their enemies, for fhelter- 
ing and cherifhing their young, and for protecting them 
from the injuries of the weather. 

All animals of the fame fpecies, when not reftrained by 
accidental caufcs, uniformly build in the fame flyle, and 
ufe the fame materials. From this general rule man is to 
be excepted. PofTefled of a fuperior number of inftinfts, 
of which the reafoning faculty is a refult*, he can build 
in any ftyle, and employ fuch materials as his tafte, his 
fancy, or the purpofes for which the fabrick is intended, 
fliall direft him. A cottage or a palace are equally with- 
in the reach of his powers. In treating of this fubjed, 
we mean not to trace the pro^refs of human architecture, 
which, in the earlier ftages of fociety, is extremely rude, 
but to confine ourfelves to that of the inferior tribes of 
animated beings. 

With regard to ^adrupeds^ many of them employ no 
kind of architecture, but live continually, and bring forth 
their young, in the open air. When not under the im- 
mediate protection of man, thefe fpecie*, in rough or 
ftormy weather, flielter themfelves among trees or bulhes, 
retire under the coverture of projecting rocks, or the fides 
of hills opf>ofite to thofe from which the wind proceeds. 
Befide thefe arts of defence, to which the creatures are 

-• • projTipted 
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prompted by inflincl and cxpcrienct*, Nature furniflieJ 
them, duriii:; the winter months, with a doul)Ic portion 
of long hair, which prctcds them from cold, and oihti 
aflfaults of the weather. 

Of the quadrupeds that make or choofc habitations for 
themfelves, fome dig holes in the earth, fomc take refuge 
in the cavities of decayed trees, and in the clefts of rocks, 
and fome adtualiy conltrud cabins, or houfes. But, the 
artifices they employ, the materials they ufe, and the 
fituations they feled, arc fo various, and fo numerous, 
that our plan necelfarily limits us to a few of the more 
curious examples. 

The Alpine marmot is a quadruped about fixteen inches 
in length, and has a Ihort tail. In figure, the marmots 
have fome refemblance both to the rat and to the bear. 
When tamed, they eat every thing preirnted to them, as 
/lelh, bread, fruit, roots, pot-hcrbs, inleds, &:c. They 
delight in the regions of froft and of fnow, and are only 
to be found on the tops of the highefl mountains. Thefc 
animals remain in a torpid Hate during winter. About 
the end of September, or the beginning of Odober, 
they retire into their holes, and never come abroad again 
till the beginning of April. Their retreats arc formed 
with much art and precaution. With their feet and claws, 
which are admirably adapted to the purpofc, they dig the 
earth with amazing quicknefs, and throw it behind them. 
They do not make a fimple hole, or a ftraight or winding 
tube, but a kind of gallery in the form of a Y, each 
branch of which has an aperture, and both terminate in 
a capacious apartment, where feveral of the animals lodge 
together. As the whole operation is performed on the 
declivity of a mountain, this innermofl apartment is alone 
horizontal. Both branches of the Y are inclined. One 
of the branches defcends under the apartment, and follows 
the declivity of the mountain. This branch is a kind of 
aqueduct, and receives and carries oft' the excrements of 
the animals ; and the other, which rifes above the princi- 
pal apartment, is ufed for coming in and going out. The 
place of their abode is well lined with mofs and hay, of 
'svhich they lay up great (lore during the fummer. They 
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•^■6 focial animals. Several of them Hve together, ai;iid 
work in common when forming their habitations. Thi- 
ther they retire during rain, or upon the approach of dan- 
ger. One of them ftands centinel upon a rock,. while the 
others gambol upon the grafs, or are employed in cutting 
it, in order to make hay. If the centinel perceives a man, 
an eagle., a dog, or other dangerous animal, he alarms his 
companions by a loud whiflle, and is himfelf the lafl: that 
enters the hole. As they continue torpid during winter, 
and, a« if they forefaw that they would then have no oc- 
cafion for viduals, they lay up no provifions in their apart- 
ments. • But, when they feel the firll approaches of the 
flecping feafon, they fhut up both pafTages to their habi- 
tation ; and this operation they perform with fuch labour 
and folidity, that it is more eafy to dig the earth any where 
tlfe than in fuch parts as they have thus fortified. At 
this time they are very fat, weighing fometimes twenty 
poutids. They continue to be plump for three months ; 
but afterwards they gradually decline, and, at the end of 
•winter, they are extremely emaciated. When feized in 
their retreats, they appear rolled up in the form of a ball, 
and covered with hay. In this ftate, they: are fo torpid 
that they may be killed without feeming to feel pain» The 
hunters feleft the fatteft for eating, and keep the young 
ones for taming. Like the dormice, and all the other ani- 
mals which ileep during winter, the marmots are revived 
by a gradual and gentle heat : And it is remarkable, that 
thofe which are fed in houfes, and kept warm, never be- 
come torpid, but are equally adive and lively during the 
whole year. 

We fhall now give a fhoit account of the operations 
and architedture of the beaver. This amphibious qua- 
druped is about three feet in length, and its tail, which 
is of an oval figure, and covered with fcales, is eleven 
inches long. He ufes his tail as a rudder to direct his 
courfe in the water. In places much frequented by man, 
the beavers neither aflbciate nor build habitations. But, 
in the northern regions of both Continents, they alTera- 
ble in the month of June or July, for the purpofes of 
uniting into fociety and of building a city. From all 
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quarters they arrive in numbers, ariLl foon form a troop 
of two or three hundred. The operations and architec- 
ture of the licavers are fo well ddcribed by the Count 
de Buflon, that we fhr.ll hiy it before our readers nearly 
in his own words. The place of rendezvous, he remarks, 
is generally the fituaiion fixed upon for their dlablilh- 
ment, and it is rlways on the banks of waters. If the 
waters be flat, and feldom rife above their ordinary level, 
as in lakes, the beavers rhake no bank or dam. But in 
rivers or broo'ks, where the water is fubjed to rifmgs and 
fallings, they build a bank, which traverfes the river 
from one fide to the other, like a fluice, and is often from 
80 to 100 feet long, by 10 or i 2 broad at the bafe. This 
pile, for animals of fo fmall a fize, appears to be enor- 
mous, and prefuppofes an incredible labour *. But the 
folidity with which the work is conftrutled is ftill more 
allonifliing than its magnitude. The part of the river 
where they ered this bank is generally fhallow. If they 
find on the margin a large tree, which can be made to 
fall into the river, they begin, by cutting it down, to 
form the principal bafis of their work. This tree is often 
thicker than a man's body. By gnawing it at the bottom 
with their four cutting teeth, they in a Ihort time accom- 
plifh their purpofe, and always make the tree fall acrofs 
the river. They next cut the branches from the trunk 
to make it lie level. Thefe operations are performed by 
the joint induftry of the whole community. Some of 
them, at the fame time, traverfe the banks of the river, 
and cut down fmaller trees, from the fize of a man's leg 
to that of his thigh. Thefe they cut to a certain length, 
drefs them into (lakes, and firft: drag them by land to the 
margin of the river, and then by water to the place where 
the building is carrying on. Thefe piles they fink down, 
and interweave the branches with the larger flakes. In 
performing this operation many difficulties are to be fur- 
mounted. In order to dreis thefe Hakes, and to put them 
in a fituation nearly perpendicular, fome of the beavers 
raufl elevate, with their teeth, the thick ends againfl the 
margin of the river, or again/t the crofs tree, while 
' r ' ' other» 
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others plunge to the bottom, and dig holes with their 
fore-feet to receive the points, that they may ftand on 
end. When fome are labouring in this manner, others 
bring earth,, which they plafh with their feet, and beat 
firm with their tails. They carry the earth in their 
mouths, and with their fore-feet. They tranfport earth 
in fuch quantities, that they fill with it all the intervals 
between the piles. Thefe piles confift of feveral rows 
of ftakes, of equal height, all placed oppofue to each 
other, and extend from one bank of the river to the 
other. The ftakes facing the under part of the river are 
placed perpendicularly ; but thofe which are oppofed to 
the ftream flope upward to fuftain the preifure of the 
water ; fo that the bank, which is ten or twelve feet wide 
at the bafe, is reduced to two or three at the top. Near 
the top, or thinneft part of the bank, the beavers make 
two or three Hoping holes, to allow the furface-water to 
efcape. Thefe they enlarge or contract in proportion as 
the river rifes or falls ; and, when any breaches are made 
in the bank by fudden or violent inundations, they know 
how to repair them when the water fubfides. 

Hitherto all thefe operations were performed by the 
united force and dexterity of the whole community. 
They now feparate into fmaller focieties, who build ca- 
bins or houfes. Thefe cabins are conftrufted upon piles 
Hear the margin of the river or pond, and have two open- 
ings, one for the animals going to the land, and the 
other for throwing themfelves into the water. The form 
of thefe edifices is either round or oval, and they vary 
in fize from four or five to eight or ten feet in diameter. 
Some of them confifl of three or four flories. Their 
walls are about two feet thick ; and are raifed perpendi- 
cularly upon planks, or plain ftakes, which ferve both 
for foundations and floors to their houfes. When they 
confift of but one ftory, they rife perpendicularly -a few 
feet only, afterwards alfume a curved form, and termi- 
nate in a dome or vault, which anfwers the purpofe of 
a roof. They are built with amazing folidity, and neatly 
plaftered with a kind of ftucco both within and without. 
In the application of this mortar the tails of^he beavers 
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ferve for trowels, and their feet fbrplaihing. Their hou; 
fes are impenct' able to rain, and refill the moft impetuous 
winds. In liicir conftruclion, they tuiploy dilVerent nia- 
terials, as wood, ftone, and a kind of land y earth, which 
is not liable to be dilTolved in wdLer. The uood they 
ufe is j^cuerally of the light and tender kinds, as alders, 
poplars, and willows, which commonly p;row on the 
banks of rivers, and are more eafily barked, cut, and 
tranfported, th?n ihe heavier and more folid fpecies of 
timber. They always begin the operation of cutting 
trees at a fool or a foot and a half above the groiind : 
They labour in a fitting polture ; and, befide the conve- 
nience of this pofturc, they enjoy the pleafure of gnaw- 
ing perpetually the bark and wood, wliich are their i'a- 
vouritc food. Of thcfe proviiions they lay up ample ftores 
in their cabins to fupport them durirpj the .winter. Kach 
cabin has its own magazine, which is proportioned to 
the number of its inhabitants, who: have all a, common 
right to tiic I'lore, and never pillage their neighbours. 
Some villages are compoied of twenty or twenty-fiv« ca-i 
bins. But thefe Jarge eflablifhments sre not frecjuentj 
and the common republics feldom exceed ten or twelve 
famihes, of which each have their own qiniter of the 
village, their own magazine, and their feparaie habita- 
tion. The fmnlleft cr.bins contain two, four, or fix, and 
the largcil eighteen, twenty, and fometimes thirty bea- 
vers. As. to males and females, they are almoft always 
equally paired. Upon a moderate computation, there- 
fore, the fociety is often compofed of j 50 £)r 200, who 
all, at firfl, labour jointly in raifmg the great public 
building, and afterwards, in felecl tribes or companies, 
in making particular habitations. In this fociety, how- 
ever numerous, an univerfal peace is maintained. Their 
union is cemented by common labours ; and it is perpe- 
tuated by mutual conveniency, and the abundance of 
provifions which they amafs and confume together. A 
fimple tafle, moderate appetites, and an averfion to blood 
and carnage, render them deflitute of the ideas of rapine 
and of war. Friends to each other, if they have any fo- 
^ign enemies they know how to avoid them. When 
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danger approaches, th^y advertife one another, by ftri- 
kinj^ their broad rail on the furface of the water, the 
noi^'c of which is heard at a great diftance, and refounds 
through all the vaults of their habitations. Each indi- 
vidual, upon thefe occafions, confults his own fafety ; 
fome phmge into the water ; others conceal themfelves 
within their walls, which can be penetrated only by the 
fire of heaven, or the fteel of man, and which no ani- 
mal will attempt either to open or to overturn. Thefe 
retreats are not onlv fafe, but neat and commodious. The 
floors are fpread over with verdure : The branches of 
the box and of the fir ferve them for carpets, upon which 
thev permit not the fmalleft dirtinefs. The window that 
faces the water anfwers for a balcony to receive the frefh 
air, and for the purpofe of bathing. During the greater 
part of the day, the beavers fit on end, with their head 
and the anterior parts of their body elevated, and their 
pofterior parts funk in the water. The aperture of this 
window is fufiiciently railed to prevent its being flopped 
up with the ice, which, in the beaver climates, is often 
two or three feet thick. When this accident happens, 
they,flope the fole of the window, cut obliquely the ftakes 
which fupport it, and thus open a communication with 
the unfrozen water. They often fwim a long way under 
the ice. The continual habit of keeping their tail and 
pofterior parts of their body in the water, appears to have 
changed the nature of their flefh ; for that of their ante- 
rior parts, as far as the reins, has the tafte and confiftence 
of the flefli of land-animals ; but that of the tail and 
pofterior parts has the odour and all the other qualities 
of fifli. The tail, which is a foot long, an inch thick, 
and five or fix inches broad, is a genuine portion of a 
fifti attached to the body of a quadruped : It is wholly 
covered with fcales, and below the fcales with a Ikin per- 
fectly fimiiar to that of large fifhes. In September, the 
beavers colledl their provifions of bark and of wood. 
Till the end of winter, they remain in their cabins, en- 
joy the fruits of their labours, and tafte the fweets of 
domeftic happinefs. This is their time of repofe, and 
their feafon of love. Knowing and loving one another, 
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each couple unite, not by chance, but by taflc and a real 
feleclion. The females bring forth in the end of winter, 
and generally produce two or three at a time. About 
t^is period they are left by the males, who retire to the 
coantry to enjoy the pleafures and the fruits of the fpring. 
They return occafionally, however, to their cabins ; but 
dwell there no more. The mothers continue in the ca- 
bins, and are occupied in nurfmg, protecting, and rear- 
ing their young, which in a few weeks are in a condition 
to follow their dams. The beavers affemble not agam 
till autumn, unlefs their banks or cabins be injured by 
inundations; for, when accidents of this. kind happen, 
thev fuddenly collect their forces, and repair the breach- 
es that have been made. 

This account of the fociety and operations of beavers, 
however marvellous it may appear, has been eftablifhed 
and confirmed by fo many credible eye-witneffes, that it 
is impollible to doubt of its reality. 

The habitation where moles depofit their young merits 
a particular defcription ; becaufe it is conftrucied with 
peculiar intelligence, and becaufe the mole is an animal 
•with w hich we are well acquainted. They begin by raif- 
ing the earth, and forming a pretty high arch. They 
leave partitions, or a kind of pillars, at certain diftances, 
beat and prefs the earth, interweave it with the roots o4 
plants, and render it fo hard and folid, that the water 
cannot penetrate the vault, on account of its convexity 
and firmnefs. They then elevate a little hillock under the 
principal arch ; upon the latter they lay herbs and leaves 
for a bed to their young. In this fituation they arc above 
the level of the ground, and, of courfe, beyond the reach 
of ordinary inundations. They are, at the fame time, de- 
fended from the rains by the large vault that covers the 
internal one, upon the convexity of which laft they reft 
along with their young. This internal hillock is pierced 
on all fides with floping holes, which defcend ftill lower, 
and ferve as fubterrancous palfages for the mother to go 
in queft ot food for herfelf and her offspring. Thefe by- 
paths are beaten and firm, extend about twelve or fifteen 
paces, and ilTue from the principal- manfion like rays from 

a center. 



OF NATURAL HllSTORY. 289 

a center. Under the fuperior ■vault we likewife find re- 
mains of the roots of the meadow faffron, which feem to 
be the firfl: food given to the young. From this defcrip^ 
tion it appears, that the mole never comes abroad but at 
confiderable diftances from her habitation. Moles, like 
the beavers, pair ; and fo lively and reciprocal an attache 
ment fubfifts between them, that they feem to difrelifii 
all other fociety. In their dark abodes they enjoy the 
placid habits of repofe and of folitude, the art of fecuring 
themfelves from injury, of almoft inftantaneoufly making 
an afylum or habitation, and of procuring a plentiful fub- 
fiftence without the neceffity of going abroad. They fhut 
up the entrance of their retreats, and feldoni leave them, 
unlefs compelled by the admiflion of water, or when their 
manfions are demolifhed by art. 

The nidification of Birds has at all times defervedly 
called forth the admiration of mankind. In general, the 
nefts of birds are built with an art fo exquifite, that an 
exa£t imitation of them exceeds all the powers of human 
fkill and induftry. Their ftyle of architefture, the mate- 
rials they employ, and the fituations they feledt, are as 
various as the different fpecies. Individuals of the fame 
fpecies, whatever region of the globe they inhabit, col- 
led the fame materials, arrange and conftruft them in the 
fame form, and make choice of iimilar fituations for erect- 
ing their temporary habitations for the nefts of birds, 
thofe of the eagle-kind excepted, after the young have 
come to maturity, are forever abandoned by the parents. 

To defcribe minutely the nefts of birds would be a vain 
attempt. Such dcfcriptions could not convey an adequate 
idea of their architecture to a perfon who had never feen 
one of thofe beautiful ai\d commodious habitations, which 
even aftonifti and excite the amazement of children. 

The different orders of birds exhibit great variety in 
the materials and ftruCture of their nefts. Thofe of the 
rapacious tribes are in general rude, and compofed of 
coarfe materials, as dried twigs, bents, &c. But, they are 
often lined with foft fubftanccs. They build in elevated 
rocks, ruinous and fequeftered caftles and towers, and in 
other folitary retirements,. The aiery or neft of the eagle 
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h quite flat, and not hollow, like thofc of other bircf^. 
The rtiklt and Icmale commonlv place their nef n 
two rocks, in adry and inac>. '^^ble fitu?rion. 1 ..me 
nell:, it is laid, ferves the rnirlo durincj lite. The ftruc* 
ture is fo confiderable, and compofed ot fuch folid m:ue- 
rials, that it may laft many yoai \ Its form refeinhies thaf 
of a floor. Its bafis confifts ol il icks about five or fix feet 
in length, which are fupport.- l t each end, and thefe are 
covered with feveral layers ot rufhes and heath. An ea- 
gle's neft was found in the l eak of Dcrbyfhire, which 
Willoughby defcribcs in the hallowing manner: * It was 

* made of great Iticks, rcllinj-; one end on the edge of a 

* rock, the other on a birch tree. Upon thefe was a laver 

* of rufhes, and over them a layer of heath, and upon the 
' heath ruflies again ; upon which lay one young, and an 
' addle egg ; and bv them a lamb, a hare, and three hcath- 

* pouts. The neft was about two yards fquare, iuid had 

* no hollow in it.* But the butcher-birds, or flirikes, 
which are lefs rapacious than eagles and hawks, build 
their habitations in flirubs and bufhes, and employ moft, 
wool, and other foft materials. 

The birds belonging to the order of Pies in the inge- 
nious Mr. Pennant's Genera of Birds, are extremely irre- 
gular in conftruQing their nefts. The common magpies 
build their nelts in trees, and their ftrutlure is admirably 
contrived for affording warmth and prote61:ion to the 
young. The neft is not open at top : It is covered, in 
the moft dexterous manner, with an arch or dome< and a 
fmall opening in the fide of it is left, to give the parents 
an opportunity of palling in and out at their pleafure. To 
proted their eggs and young fr(jm the attacks of other* 
animals, the magpies place, all round the external furface 
of their neft, (harp briars and thorns. The long-tailed 
titmoufe, or ox-eye, builds nearly like the wren, but with 
ftill greater art. With the fame materials as the reft of 
the ftrudure, the titmoufe builds an arch over the top of 
the neft, which refembles an egg erefted upon one end, 
and leaves a fmall hole in the fide for a palTage. Both 
eggs and young, by this contrivance, are dctended from 
the injuries of the air, rain, cold, &c. That the young 
; may 
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may have a foft and warm bed, (he lines the infide of the 
neft with feathers, down, and cobwebs. The fides and 
roof are compofed of mofs and wool interwoven in the 
mod curious and artificial manner. 

In treating of inftind, it was mentioned, that, in warm 
climates, many fmall birds fufpended their nefts on tender 
twigs. of trees, to prevent them from being deftroyed by 
the monkevs. In Europe, there are only three birds which 
build penfile nefts, namely, the common oriola*, iht pa- 
rus pendulinus^ or hang-neft titmoufe ; and another penfile 
neft, belonging to fome unknown bird, was lately difco- 
vered by Mr. Pennant, near the houfe of Blair in Athole, 
in the north of Scotland. ' In a fpruce fir-tree,* Mr. 
Pennant remarks, * was a hang-neft of fome unknown 
' bird, fufpended at the four corners to the boughs. It 
' was open at top, an inch and a half diameter, and two 
' deep.; the fides and bottom thick ; the materials mofsj 
' worfted, and birch bark, lined with feathers |.* 

Mr. Pennant, in his Indian Zoology, gives the follow- 
ing curious account of the manner in which the motacilla 
futoria, or tailor-bird, builds its neft. ' Had providence,* 
Mr. Pennant remarks, * left the feathered tribes unendow- 

* ed with any particular inftinct, the birds of the torrid 

* zone would have built their nefts in the fame unguarded 

* manner as thofe of Europe ; but there the lefler fpecies, 
' having a certain prefcience of the dangers that furround 
' them, and of their own weaknefs, fufpend their nefts at 
' the ejgreme branches of the trees: They are confcious 
' of inlrabiting a climate replete with enemies to them and 
' their young ; with fnakes that twine up the bodies of 
' the trees, and apes that are perpetually in fearch of 

* prey ; but, heaven-infllu^led, they elude the gliding of 
the one, and the activity of the other. — The brute crea- 

' tion are more at enmity with one another than in other 

* climates ; and the birds are obliged to exert an unufual 
' artifice in placing their little broods out of the reach of 

* an invader. Each aims at the fame end, though by dif- 

* ferent means ; fome form their penfile neft in ftiape of 

* a purfe, deep and open at top, others with a hole in the 

Oo 'fide, 

* 0{iq\\xi Galbula. f PcDaam's Tour, vol. i. pag, 104. 3d edit. S. 
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* fide, and others, Rill more cautious, with an entrance a( 

* the very bottom, forming their lodge near the lunimit*. 
' But the tailor-bird feems to have greater dirtidencc than 
' any of the others : It will not truft its nell even to the 
' extremity of a llcnder twig, but makes one more ad- 
' vance to fafety by fixing it to the leaf itlelf. It pickl 
' up a dead leaf, and, furprifmg to relate, fews it to th« 
' fide of a living onef, its (lender bill bciiiig its needle, 

* and its thread lomc fine fibres, the lining feathers, gofla* 

* mer, and down. Its eggs' are white, the colour of the 

* bird light yellow ; its length three inches ; its weight 
' only three fixteenths of an ounce ; fo that the mate- 
' rials of the neft, and its own fize, are not likely to 

* draw down a habitation that depends on fo ilight a ten- 
' ture |/ 

Birds of the gallinaceous or poultry kind lay their egg8 
on the ground. Some of them fcrape a kind of hole in 
the earth, and line it with a little long grafs or llraw. 

It is a fingular, though a well-atteiled fad:, that the 
cuckow makes no neft, and neither hatches nor feeds her 
Own young. ' The hedge-fparrow,' fays Mr. Wiilough- 
by, I* M the cuckow's nurfe, but not the hedge-fparrow 

* only, but alfo ring-doves, larks, finches. I myfolf, with 
' many others, have feen a wag-tail feeding a young cuc- 

* kow. The cuckow herfelf builds no neli ; but having 
' found the ncft of fome little bird, fhe either devours or 

* deltroys the eggs fhe there finds, and, in the room thereof, 
^ lays one of her own, and fo forfakes it. The fillyiird re- 

* turning, fits on this egg, hatches it, and, with a great deal 

* or care and toil, broods, feeds, and cherithes the young 
' cuckow for her own, until it begrown up, Dnd able to tiy 
\ and fnift for itfelf. Which thWg feems fo llrange, mon- 
' Hrous, and abfurd, that for my part I cannot fufficiently 

* wonder there iliould be fuch an example in Nature ; nor 

* could I ever have been induced to believe thai fuch a thing 

' had 

« Thisittftinft prevails alfo amopg the hirds on th« banks of the GwtAia, in 
A£rica, which abuucak u icb monkeys and fnakes ; oLhert, f or the tame eiiti, make 
their iiefl ia holci of the banks ihat overhang that va(l jivcr. I'uichai, vol. 2. 
]i«g. 157^. S. 

t A ncft of this bird is prcfcr\-cd in the Biitifh Mufcum. S. 
J Pennant's Indian Zoo'.og)', pag. 7. S. 
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* had been done by Nature's inftind, had I not with mine 
' own eyes feen it. For Nature, in other things, is wont 
' conftantly to obferve one and the fame law and order, 

* agreeable to the higheft reafon and prudence ; which in 
' this cafe is, that the dams make nelts for themfelves, if 
' need be, fit upon their own eggs, and bring up their own 

* young after they are hatched*.' This oeconomy, inthe 
hiftory of the cuckow, is not only fmgular, but feems to 
contradict one of the molt univerfal laws eftablifhed among 
animated beings, and particularly among the feathered 
tribes, namely, the hatching and rearing of their offspring. 
Still, however, like the oftrich in very warm climates, 
though the cuckow neither hatches nor feeds her young, 
(he places her eggs in fituations where they are both hatch- 
ed and her offspring brought to maturity. Here the ftu- 
pidity of the one animal makes it a dupe to the rapine 
and chicane of the other ; for the cuckow always deftroys 
the eggs of the fmall bird before fhe depofits her own. 

Moll of the pafferine or fmall birds build their nefts in 
hedges, fhrubs, or bulhes ; though fome of them, as 
the lark and the goat-fucker, build upon the ground. 
The nefts of fmall birds are more delicate in their ftruc- 
ture and contrivance than thofe of the larger kinds. As 
the frze of their bodies, and likewife that of their eggs, 
are fmaller, the materials of which their nefts are compof- 
cd are generally warmer. Small bodies retain heat a 
Ihorter time than thofe which are large. Hence the eggs 
of fmall birds require a more conftant fupply of heat than 
thofe of greater dimenfions. Their nefts, accordingly, 
are built proportionally warmer and deeper, and they are 
lined with fofter fubftances. The larger birds, of courfe, 
can leave their eggs for fome time with impunity ; but 
the fmaller kinds fit moft aftiduoully for, when the fe- 
male is obliged to go abroad in quell of food, the neft is 
always occupied by the male. When a neft is hnifhed, 
nothing can exceed the dexterity of both male and female 
in concealing it from the obiervation of man, and of other 
deftruftivc animals. If it is built in bufhes, the pHant 
branches are difpofcd in fuch a manner as to hide it en- 
tirely 

* Willoughby's Ornithology, pag. 98. S. 
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tirely from view. To conceal her retreat, the chaffinch 

covers the outfide of her neft with mofs, which is com- 
monly of the fame colour with the bark of the tree on 
which (he builds. The common fwallow builds its nelt 
on the tops of chimnevs ; and the martin attaches hers 
to the corners of windows, or under the eaves of houfcs. 
Both employ the fame materials. The nelt is built with 
mud well tempered by the bill, and moillencd with water 
to make it more firmly cohere ; and the mud or clay is 
kept ftill firmer by a mixture of ftraw or grafs. Within 
it is neatly lined with leathers. Willoughby, on the au- 
thority of Bontius, informs us, * That, on the fea-coaft 
' of the kingdom of China, a fort of fmall party-coloured 
' birds, of the fhape of fwallows, at a certain feafon of 

* the year, viz. their breeding time, come out of the mid- 
' land country to the rocks ; and from the foam or troth 

* of the fea-water dalhing and breaking againd the bot- 

* torn of the rocks, gather a certain clammy, glutinous 

* matter, perchance the fperm of whales, or other filhes, 

* of which they build their nefts, wherein they lay their 

* eggs, and hatch their young. Theie nefts the Chinefe 

* pluck from the rocks, and bring them in great numbers 
' into the Eaft-Indies to fell ; which are elkeemed by glut- 
' tons great delicacies, who, dilTolving them in chicken or 
' mutton broth, are very fond of them, preferring them 

* far before oyfters, muihrooms, or other dainty and lic- 
' kerilh morfels which molt gratify the palate. — Thefe 

* nefts are of a hemifpherical figure, of the bignefs of a 

* goofe-egg, and of a fubftance refembling ifinglafs*.* 

Moft: 

-' * Wil!oughby'$ Ornithology, pap. 215. S. The reader, who ii dcfirous 

of receiving funher informMion on thi» curious fubjeft, may amufc himfelf by 
ccnfultin^ the China lUuJlrata of the learned Kuchcr, pag. 199, and Kaeinpfer, in hit 
Ai'utmtates ExoHcx, pa;^. 833. Kirclicr alfo refers to two Italian authors, P. Daniel 
Bartolus and P. Philippus Marirms, vho have both made mention of fhcfe efco- 
Icnt ncPs.— Tbe author oF the China lltuftrata lays, thai fomc of ihc birdi which 
build ihtfc nefts arc like fparrowi, and ihiit oihcis rcfemblc Jwallowi. Linnitrus, 
^Tio, it is probable, had never pcrufed cither Kirchcr's work, or ihofe of the two 
Italian hiftOiiam, whofe names I have juU mentioned, feemi 10 fuppofc, that ihefe 
fin^ular nt lis are cniirely the workmanlhip of a fpccie* of fwallow, which lie has 
dcnominatL'd llirundo fJrultnUi. It is dtf( .ibfd and figured in thr Hrrharium Am- 
bnnrvjt, of Ru.nphius. by ihe name of Cafw marina, »n6 in tht: OrnithoUgui of 
griflon, by thai of Hirundo nfarta cochinjinenjis, vol. «. pag. 510. t. 46. f. s. A. 
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Mofl: of the cloven-footed water-fowls, or waders, lay 
their eggs upon the ground. But, the fpoon-biils and the 
common heron build large nefls in trees, and employ 
twigs and other coarfe materials ; and the ftorks build on 
churches, or on the tops of houfes. Many of the web- 
footed fowls lay their eggs likewife on the ground, as 
the terns, and fome of the gulls and merganfers. But 
ducks pull the down from their own breafts to afford a 
warmer and more comfortable bed for their young. The 
auks, the guillemots, and the puffins or coulternebs, lay 
their 6ggs on the naked flielves of high rocks. The pen- 
guins, for the fame purpofe, dig large and deep holes 
under ground. 

It is not unworthy of remark, that biids uniformly 
proportion the dimenfions of their nefts to the number 
and fize of the young to be produced. Every fpecies 
lays nearly a determined number of eggs. But, if one 
be each day abftracled from the neft, the bird continues 
to lay daily more till her number is completed. Dr. Lif- 
ter, by this pra£lice, made a fwallow lay no lefs than 
nineteen eggs. 

The habitations of Infers are next to be confidered. 
On this branch of the fubjeft, we fhall firft give fome 
examples of abodes conftrufted by folitary workers, and 
next of thofe habitations which are executed by alTocia- 
ted numbers. 

In fev.eral preceding parts of this work, and particular- 
ly in the chapter upon Inftinft, the reader will find fome 
inftances of the Ikill and induftry exhibited by infeds for 
the convenient lodging and protedtion of their young. 
Thefe it is unnecelTary to repeat. We fliall therefore pro- 
ceed to give fome examples of a different kind. 

There are feveral fpecies of bees diftinguiihed by the 
appellation of folitary, becaufe they do not affociate to 
carry on any joint operations. Of this kind is the ma- 
fon-bce^ fo called becaufe it builds a habitation compofed 
of fand and mortar. The nefts of this bee arc fixed to 
the walls of houfes, and, when finifhed, have the appear- 
ance of irregular prominences arifing from dirt or clay 
accidentally thrown againft a wall or ftone by the feet of 

horfcs. 
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horfes. Thefe prominences are not fo remarkable as to 
attract attention ; but, when the external coat is remov- 
ed, their flrudure is difcovered to be truly admirable. 
The interior part coufifts of an aflcmblapc of dillcrent 
ccUs, each of which affords a convenient lodgement to 
a white worm, pretty fimilar to thofe produced by the 
honey-bee. Here they remain till they have undergone 
all their mctamorphofes. In conltructing this nelt, which 
is a work, of great labour and dexterity, the fcnuile is the 
(ble operator. She receives no alTiftance from the male. 
The manner in which the female mafon-hces. build their 
nefts, is the mofl: curious branch of their hiltory. 

After choofing a part of a wall on which Ihe is refolv- 
cd to fix an habitation for her future progeny, Ihe goes 
in quell of proper materials. The nelt to be conltructed 
mull confjfl of a fpecies of mortar, of which fand is the 
bafis. She knows, like human builders, that every kind 
of fand is not equally proper for making good mortar. 
She goes, therefore, to a bed of fand, and feleOs, grain 
by grain, the kind which is beft to anfwer her purpofe. 
With her teeth, which are as large and as ftrong as thoCe 
of the honey-bee, fhe examines and brings together fe- 
veral grains. But fand alone will not make mortar. Re- 
courfe mull be had to a cement fimilar to the Oacked lime 
employed by mafons. Our bee is unacquainted with lime, 
but fhe poffelTes an equivalent in her own body. From 
her mouth (he throw* out a vifcid liquor, with which 
ihe moillens the firfl: grain pitched upon. To this grain 
(he cements a fecond, which fhe moiftens in the fame 
manner, and to the former two fhe attaches a third, and 
fo on, till fhe has formed a mafs as lujge as the fliot ufu- 
ally employed to kill hares. This mals fhe carries off in 
her teeth to the place fhe had chofen for ercding her 
nefl, and makes it the foundation of the firft cell. In 
this manner ihe labours inceffantly till the whole cells are 
completed, a work which is generally accompli fhed in 
five or fix days. All the cells arc fimilar, and nearly equal 
in dimenfions. Before they are covered, their figure re# 
fembles that of a thimble- She never begins to make a 
fecond till the firfl be finifhed. Each cell is about an inch 

high. 
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high, and "nearly half an inch in diameter. But the la- 
bour of buildin,:^ is not the only one this female bee has 
to ulidergt)i When a cell has been raifed to one half or 
two thirds bf its height, another occupation commences. 
She fcems to know the quantity of food that will be ne-* 
cdfary to nourifh the young that is to proceed from the 
egg, from its exclufion till it acquires its full growth, and 
paffes into the chryfalis (late. The food which is prepar- 
ed for the fuprport of the young woi-m confifts of the fa- 
rina or powder of flowers, diluted with honey, which 
forms a kind of pap. Before the cell is entirely finiftied, 
the mafon-bee collefts from the flowers, and depofits in 
the cell, a large quantity of farina, and afterwards dif- 
gorges upon it as much honey as dilutes it, and forms it 
into a kind of pafte, or fyrup. When this operation is 
performed, fhe completes her cell, and, after depofiting 
an egg in it, covers the mouth of it with the fame mortar 
flie ufes in building her neft. The egg is now inclofed 
on all fides in a walled habitation hermetically fealed. 
A fmall quantity of air, however, gets admiflTion to the 
worm, otherwiie it could not exift. Reaumur difcover- 
cd that air adlually penetrated through this feemingly- 
compa6b mafon-work. 

As foon as the firft cell is completed, the mafon-bee 
lays the foundation of another. In the fame neft fhe 
often conftruds feven or eight cells, and fometimes only 
three or four. She places them near each other, but not 
in any regular order. This induftrious animal, after all 
her cells are conftruded, filled with provifions, and feal-. 
ed, covers the whole with an envelojie of the fame mortar, 
which, when dry, is as hard as ftone. The neft now is 
commonly of an oblong or roundilh figure, and the er* 
ternal cover is compofed of coarfer fand than that of 
the cells. As the nefts are almoft as durable as the walls 
on which they are placed, they are often, in the follow- 
ing leafon, occupied and repaired by a ftranger bee. 
Though inclofed with two hard walls, when the fly emer- 
ges from the chryfalis ftate, it firlt gnaws with its teeth 
a palfage through the wall that fealed up the mouth of 
its cell } afterwards, with the fame inftruments, it pierces 

the 



tc)6 THE PHILOSOPHY 

the ftill ftrongcr and more compaft cover which 'myc(i$ 
the whole ne(t ; at lafl: it efcapes into the open air, and, 
if a female, in a ftiort time, conftruds a nelt of the fame 
kind with that which the mother had made. To all thele 
fads, Du Hamel, Reaumur, and many other nnturalilts 
of credit and reputation, have been repeatedly cye-wit- 
neffcs. 

From the hardnefs of the materials with which the 
mafon-bee conftruds her neft, from the induftry and dex- 
terity fhe employs to proted her progeny from enemies 
of every kind, one fhould naturally imagine that the 
young worms were in perfed fait ty, and that their caille 
was impregnable. But, notwithitanding all thefe favour- 
able precautions, the young of the mafon-bec are often 
devoured by the inflindivc dexterity of certain fpecies of 
four-winged infeds, diflinguifhed by the name of ichneu-^ 
mon flies. Thefe flies, when the mafon-bec has nearly 
completed a cell, and filled it with provifions, depofit 
their own eggs in her cell. After the eggs of the ichneu- 
mon flies are hatched, their worms devour not only the 
provifions laid up by the mafon-bee, but even her pro- 
geny whom fhe had laboured fo hard, and with fo much 
art and ingenuity, to proted. But the mafon-bee has an 
enemy ftill more formidable. A certain fly employs the 
feme ftratagem of infinuating an egg into one of her cells 
before it is completed. From this egg proceeds a ftrong 
and rapacious worm, armed with prodigious fangs. The 
dcvaftations of this worm are not confined to one cell. 
He often pierces through each cell in the neft, and fuc- 
ceflively devours both the mafon-worms, and the provi- 
fions fo anxioufly laid up for their fupport by the mother. 
This ftranger-worm is afterwards transformed into a fine 
beetle, who is enabled to pierce the neft, and to make 
his efcape. 

The operations of another fpecies of folitary bees, 
called wood-piercers^ merit attention. Thefe bees are 
larger than the queens of the honey-bee. Their bodies 
are fmooth, except the fides, which are covered with 
hair. In the fpring, they frequent gardens, and fearch 
for rotten, or at leaft dead wood, in order to make a ha- 
bitation 
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bitation for their young. When a female of this fpecies, 
for fhe receives no affillance from the male, has felected 
a piece of wood, or a decayed tree, fhe commences her 
labour by making a hole in it, which is generally directed 
toward the axis of the tree. When fhe has advanced 
about half an inch, ftie alters the direction of the hole, 
and conduflis it nearly parallel to the axis of the wood. 
The fize of her body requires that this hole fhouid have 
a confiderable diameter. It is often fo large as to admit 
the finger of a man, and it fometimes extends from 
twelve to fifteen inches in length. If the thicknefs of 
the wood permits, fhe makes three or four of thefe long 
holes in its interior part. M. de Reaumur found three 
of thefe parallel holes in an old efpalier pofl. Their di- 
ameters exceeded half an inch. This labour, for a fmgle 
bee, is prodigious ; but, in executing it, flie confumes 
weeks, and even months. 

Around the foot of a pofl: or piece of wood where one 
of thefe bees are working, little heaps of timber-duff are 
always found lying on the ground. Thefe heaps daily 
increafe in magnitude, and the particles of dufl are as 
large as thofe produced by a hand-faw. The two teeth 
with which the animal is provided are the only inftru- 
ments fhe employs in making fuch confiderable perfora- 
tions. Each tooth confifts of a folid piece of fheli, which 
in lhape refcmbles an auger. It is convex above, concave 
below, and terminates in a fharp but ffrong point. 

Thefe long holes are defigned for lodgings to the worms 
that are to proceed from the eggs which the bee is foon 
to depofit in them. But, after the holes are finifhed, 
her labour is by no means at an end. The eggs mufl not 
be mingled, or piled above each other. Every feparate 
worm mud have a diflinct apartment, without any com- 
munication with the others. Each long hole or tube, 
accordingly, is only the outer walls of a houfe which is 
to confift of many chambers ranged one above another. 
A hole of about twelve inches in length flie divides into 
ten or twelve feparate apartments, each of which is about 
an inch high. The roof of the lowefl: room is the floor of 
the fecond^, and lb on to the uppermofl. Each floor is aboi^t 
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the thickncfs of a French crown. The floors or di\ ifioni 

are compofcd of particles of wood cemented together by 
a glutinous fubllance from the animal's mouth. In mak- 
ing a floor, flie commences with gluing an annular plate 
of wood-duft round the internal circumference of the 
cavity. To this plate ihe attaches a fecond, to the fccond 
a third, and to the third a fourth, till the whole floor is 
completed. The undermoft cell requires only a roof, and 
this roof is a floor to the fccond, kc. 

We have hitherto defcribed the wonderful afllduity of 
this animal in conflrucling her cells. But this operation, 
though great, and feemingly-fupcrior to the powers of a 
creature fo fmall, is not her only labour. Before roof- 
ing in the firll cell, flie fills it with a parte or pap, com- 
poied of the farina of flowers moiftencd with honey. The 
quantity of parte is equal to the dimenfions of the cell, 
which is about an inch high, and half an inch in diame- 
ter. Into this parte, which is to nourifli the future worm, 
flie depofits an egg. Immediately after this operation, 
file begins to form a roof, which not only inclofcs the 
lirrt cell, but fcrves as a floor to the fecond. The fccond 
cell flie likewife fills with paftc, depolits an egg, and then 
covers the whole with another roof. In this manner flie 
proceeds, till fhe has divided the whole tube into fepa- 
rate cells. A lingle tube frequently contains from ten 
to a dozen of thefe cells. When the cells are all inclofed, 
the bufinefs of this hiborious bee is finilhed, and flie 
takes no more charge of her future progeny. The at- 
tention and folicirude bertowed by many other animals, 
in rearing their vouiig, are exerted after birth. But, in 
the wood-piercing bee, as well as in many other infeds, 
this inftinclive attachment is reverfed. All her labours 
and all her cares are exerted before fiie either fees her 
oiFspring, or knows that they are to exlll:. But, after 
the defcription that has been given of her amazing o- 
perations, flie will not be conlidercd as an unnatural 
mother. With artonifliing indurtry and perfeverance, rtie 
not only furniflies her young with fafe and convenient 
lodgings, but lays up for them flores of provifions fufli- 
cient to fupport them till their fmal metamorphofis into 
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'flies, when the new females perform the fame almoft in- 
credible operations for the protedlion and fuftenance of 
their own offspring. When the young worm is hatched, 
it has fcarcely fufficient fpace to turn itfelf in the cell, 
which is almoft entirely filled with the pappy fubftance 
formerly mentioned. But, as this fubflance is gradually 
devoured by the worm, the fpace in the cell neceffarily 
enlarges in proportion to the growth and magnitude of 
the animal. 

We are informed by M. de Reaumur *, that M. Pitot 
furnifhed him with a piece of wood, not exceeding an 
inch and a half in diameter, which contained the cells of 
a wood-piercing bee. He cut off as much of the wood as 
was fufficient to expofe two of the cells to view, in each 
of which was a worm. The aperture he had made, to 
prevent the injuries of the air, he clofed, by parting on a 
bit of glafs. The cells were then almoft entirely filled 
with pafte. The two worms were exceedingly fmall, and, 
of courfe, occupied but little fpace between the walls of 
the cells and the mafs of pafte. As the animals increafed 
in fize, the pafte daily diminifhed. He began to obferve 
them on the 1 2th day of June ; and, on the 27th of the 
fame month, the pafte in each cell was nearly confumed, 
and the worm, folded in two, occupied the greater part 
of its habitation. On the 2d of July, the provifions of 
both worms were entirely exhaufted ; and, befide the 
worms themfelves, there remained in the cells only a few 
fmall, black, oblong grains of excrement. The five or 
fix following days they faffed, which feemed to be a ne- 
ceffary abftinence, during which they were greatly agitat- 
ed. They often bended their bodies, and elevated and 
deprelfed their heads. Thefe movements were prepara- 
tory to the great change the animals were about to under- 
go. Between the 7th and 8th of the fame month, they 
threw off" their fkins, and were metamorphofed into 
nymphs. On the 30th of July, thefe nymphs were trans- 
formed into flies fimilar to their parents. In a range of 
cells, the worms are of different ages, and, of courfe, of 
different fizes. Thofe in the lower cells are older than 
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thofe in the fuperior ; bccaufe, after the bee has filled 
with pafte and inclofed its firll cell, a confiderable time 
is requifite tn colled provilions, and to form partitions for 
every fuccetfive and fupcrior cell. The former, there- 
fore, mufl be transformed into nymphs and Hies before 
the latter. Thefe circiimltances are apparently foreleeii 
by the common mother ; for, if the undcrmoll worm, 
which is oldcll, and fooneft transformed, were to force 
its way upward, which it could eafily do, it would not 
only di'turb, but infallibly dcftrov, all thofe lodged in the 
fuperior cells. But Nature has wifely prevented this de- 
valtation ; for the head of the nymjih, and confequently 
of the riy, is always placed in a downward direction. Its 
firft inftinftive movements mull, therefore, be in the fame 
direction. That the young flics may elcape from their re- 
fpeftive cells, the mother digs a hole at the bottom of the 
long tube, which makes a communication with the un- 
dermofl cell and the open air. Sometimes a fimilar paf- 
fage is made near the middle of the tube. By this con- 
trivance, as all the flies inllindivcly endeavour to cut their 
way downward, they fmd an eafy and convenient palfage ; 
for they have only to pierce the floor of their cells, which 
they readily perform with their teeth. 

Another fmall fpecies of folitary bees dig holes in the 
earth to make a convenient habitation for their young. 
Their nefts are compofed of cylindrical cells fixed to one 
another, and each of them, in figure, refembles a thimble. 
Their bottom, of courfe, is convex and rounded. The 
bottom of the fecond is inferted into the entry of the 
firfl ; and the entry of the fecond receives the bottom of 
the third. They are not all of the fame length. Some 
of them are five lines long, others only four, and their 
diameters feldom exceed two lines. Sometimes only two 
of thefe cells are joined together ; and, at other times, 
we find three or four, which form a kind of cylinder. 
This cylinder is compofed of alternate bands of two dif- 
ferent colours : Thoie of the narrov/eft, at the juHclure 
of two cells, are white, and thofe of the broadeft are of a 
reddifli brown. The cells confiit of a number of fine 
inembranes, formed of a glutinous and tranfparent fub- 
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ftance from the animal's mouth. Each cell our bee fills 
with the farina of flowers diluted with honey, and in thi« 
palle Ihe depofits an egg. She then covers the cell, by 
gluing to its mouth a fine cellular fubftance taken from 
the leaves of fome plant ; and in this manner Ihe pro- 
ceeds till her cylindrical neft is completed. The worms 
which are hatched from the egg;s feed upon the pafte, fo 
carefully laid up for them by the mother, till they are 
transformed into flies fimilar to their parents. 

Among wafps, as well as bees, there are folitary fpecies, 
which carry on no joint operations. Thefe folitary wafps 
are not lefs ingenious in conflructing proper habitations 
for their young, nor lefs provident in laying up for them 
a ilore of nourifhment fufficient to fupport them till they 
are transformed into flies, or have become perfect ani* 
mals*. But, to give a detailed defcription of their ope- 
rations would lead us into a prolixity of which the plan 
of our work does not admit. 

On this fubjed, however, it cannot efcape obfervation, 
that all the fagacity and laborious induftry exerted in the ' 
various inftances of animal architedure above defcribed, 
have one uniform tendency. They are all defigned for 
the multiplication, protection, and nourifhment of ofF- 
fpring. But many of them are fo artful, and require 
fuch perfevering labour, that the human mind is bewil- 
dered when it attempts to account for them. If we attend 
to the operations of quadrupeds, of birds, and of infe£ts, 
moil: of them, like pregnant women, feem to know, 
from their own feelings, and forefight, not only their 
prefent condition, but what futurity is to produce. To 
folve this problem, recourfe has been had by Des Cartes, 
by Buffon, and by other philofophers, to conformation 
of body and mechanical impulfe. Their reafonings, how- 
ever, though often ingenious, involve the fubjed; in ten- 
fold obfcurity. We can hardly fuppofe that the animals 
actually forefee what is to happen, becaufe, at firft, they 
have not had even the aid of experience ; and, particu- 
larly in fome of the infedl tribes, the parents are dead 
before their young are produced. Pure inflinds of this 
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kind, therefore, muft be referred to another fource. Tn 
a chain of reafoning concerning the operations oi Na- 
ture, fuch is the conftitution of our minds, that wc are 
under the neceflity of reforting to an uhimate caufc. 
What that caufe is, it is the highcfl prefumption in man 
to pretend to define. But, though we mull forever re- 
main ignorant of the caufe, we are enabled to trace, and 
even to underfland, partially, fonie of the cllccls ; and, from 
thefe effeds, we perceive the mod confummatc wifdom, the 
moft elegant and perteiSt contrivances to accomplifh the 
multifarious and wonueriul intentions of Nature. In con- 
templating the operations of animals, from man down to 
the feemingly molt contemptible infect, we are neceifaril^ 
compelled to refer them to pure inllindts, or original 
qualities of mind, variegated by Nature according as the 
neceffities, prefervation, and continuation of the different 
fpecies require. Let any man try to proceed a ftep farther, 
and, however he may deceive himfelf, and flatter his own 
vanity, he mull find, at laft, that he is clouded in obfcu- 
rity, and that men who have a more corred and unpre- 
judiced mode of thinking will brand him with abfurdity, 
and of ading in direct oppofition to the conftitution and 
frame of the human mind. 

I ihali now give fome examples of the operations of 
afTociating-infecfs, who conitrud habitations by exerting 
a common and mutual labour. 

The fkill and dexterity of the honey-bees, difplayed in 
the conftruction of their combs or nelts, have at all times 
called forth the admiration of mankind. They arc com- 
pofed of cells regularly applied to each others fides. 
Thefe cells are uniform hexagons or fix-fided figures. 
In a bee-hive, every part is arranged with fuch fymmetry, 
and fo finely finifhed, that, if limited to the fame mate- 
rials, the moft expert workman would find himfelf un- 
qualified to conltrucl a fimilar habitation, or rather a 
fimilar city. 

Moft NaturaJ Hiftorians have celebrated bees for their 
wifdom, for the perfedion and harmony of their repub- 
lican government, and for their perfevering induftry and 
wonderful oeconomy. All thefe fplendid talents, however, 
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the late ingenious Count de Buffon has endeavoured to 
perfuade us, are only refults of pure mechaniim. But 
this is not the proper place to enter into a difcuffion of 
this point. It will fall more naturally to be treated of 
when we come to defcribe the focieties eftabliftied among 
different gregarious animals. We fliall, therefore, at pre- 
fent, confine ourfelves chiefly to the mode in which bees 
conftruft their habitations. 

In the formation of their combs, bees feem to refolve 
a problem which would not be a little puzzling to feme 
geometers, namely, A quantity of wax being given,^ to 
make of it equal and fimilar cells of a determined capacity, 
but of the largeft fize in proportion to the quantity of 
matter employed, and difpofed in fuch a manner as to 
occupy in the hive the leaft polTible fpace. Every part 
of this problem is completely executed by the bees. By 
applying hexagonal cells to each other's fides, no void 
fpaces are left between them ; and, though the fame end 
might be accompliflied by other figures, yet they would 
neceflarily require a greater quantity of wax. Befides, 
hexagonal cells are better fitted to receive the cylindrical 
bodies of thefe infedls. A comb confifts of two ftrata of 
cells applied to each other's ends. This arrangement both 
faves room in the hive, and it gives a double entry into 
the cells of which the comb is compofed. As a farther 
faving of wax, and preventing void fpaces, the bafes of 
thefe cells in one ftratum of a comb ferve for bafes to the 
oppofite ftratum. In a word, the more minutely the con- 
ftrudlion of thefe cells are examined, the more will the 
admiration of the obferver be excited. The walls of the 
cells are fo extremely thin, that their mouths would be 
in danger of fuffering by the frequent entering and iffu- 
ing of the bees. To prevent this difarter, they make a 
kind of ring round the margin of each cell, and this ring 
is three or four times thicker than the walls. 

It is difficult to perceive, even with the aiTiftance of 
glafs-hives, the manner in which bees operate when con- 
ftru6:ing their cells. They are fo eager to afford mutual 
alfiftance, and, for this purpofe, fo many of them crowd 
together, and are perpetually fuccceding each other, that 
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their individual operations can feldom be diftin£Hy ob- 
fervcd. It hns, however, been plainly dilcovtrcd, that 
their two teeth are the only inftruments they employ in 
modellincj and polifliing the wax. With a little patience 
and attention, perceive cells juft bej^un : We likewifc 
remark the quickness with which a bee moves its teeth 
againfl: a fmall portion of the cell. This portion the ani- 
mal, by repeated flrokes on each fide, fmooihs, renders 
compact, and reduces to a proper thinnefs of confiftence. 
While fome of the hive are lengthening their hexagonal 
tubes, others are laying the foundations of new ones. 
In certain circumftances, when extremely hurried, they do 
not complete their new cells, but leave them impcrfecl: till 
they have begun a number fufficient for their prefent exi- 
gencies. When a bee puts its head a little way into a cell, 
we eafily perceive it fcraping the walls with the points of 
its teeth, in order to detach fuch ufelefs and irregular 
fragments as may have been left in the work. Ol thefe 
fragments the bee forms a ball about the fize of a pin- 
head, comes out of the cell, and carries this wax to an- 
other part of the work where it is needed. It no fooner 
leaves the cell than it is fucceeded by another bee, which 
performs the fame office, and in this manner the work is 
fucceffively carried on till the cell is completely polifhed. 
The cells of bees are defigned for different purpofes. 
Some of them are employed for the accumulation and pre- 
fervation of honey. In others, the female dcpofits her 
eggs, and from thefe eggs worms are hatched, which re- 
main in the cells till their final transformation into flies. 
The drones, or males, are larger than the common, or 
working, bees ; and the queen, or mother of the hive, is 
Tnuch larger than either. A cell deftined for the lodge- 
ment of a male or female worm muft, therefore, be confi- 
derably larger than the cells of the fmaller working bees. 
The number of cells deftined for the reception of the 
working bees far exceeds thofe m which the males are 
lodged. The honey-cells are always made deeper and 
more capacious than the others. \Vhen the honey col- 
leded is fo abundant that the vefTcls cannot contain ^. rKc 
bees lengthen, and of courfe deepen, the honey-cd 
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Their mode of working, and the difpofition and divi- 
fion of their labour, when put into an empty hive, do 
much honour to the fagacity of bees. They immediately 
begin to lay the foundations of their combs, which they 
execute with furprifmg quicknefs and alacrity. Soon af- 
ter they begin to conftruft one comb, they divide into 
two or three companies, each of which, in different parts 
of the hive, is occupied with the fame operations. By 
this divifion of labour, a greater number of bees have an 
opportunity of being employed at the fame time, and, 
confequently, the common work is fooner finilhed. The 
combs are generally arranged in a direction parallel to 
each other. An interval, or ftreet, between the combs is 
always left, that the bees may have a free pafl'age, and an 
eafy communication with the different combs in the hive. 
Thefe ftreets are jufl wide enough to allow two bees to 
pafs one another. Befide thefe parallel flreets, to fhorten 
their journey when working, they leave feveral round crofs 
paffages, which are always covered. 

Hitherto we have chiefly taken notice of the manner 
in which bees conflruft and polifli their cells, without 
treating of the materials they employ. We have not 
marked the difference between the crude matter coUeded. 
from flowers and the true wax. Every body knows that 
bees carry into their hives, by means of their hind thighs, 
great quantities of the farina, or duft, of flowers. After 
many experiments made by Reaumur, with a view to dif- 
cover whether this duft contained real wax, he was obliged 
to acknowledge, that he could never find that wax formed 
any part of its compofition. He at length difcovered, that 
wax was not a fubftance produced by the mixture of fari- 
na with any glutinous fubflance, nor by trituration, or 
any mechanical operation. By long and attentive obfer- 
vation, he found that the bees adually eat the farina which 
they fo induftrioufly colled ; and that this farina, by an 
animal procefs, is converted into wax. This digeftiye 
procefs, which is neceffary to the formation of wax, is 
carried on in the fecond llomach, and perhaps in the in- 
tefiines of bees. After knowing the place where this 
•peratlon is performed, chymifts will probably allow, that 
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k is equally difficult to make real wax with the farina o£ 
flowers, as to make chyle with animal or vegeiable fiibflan- 
ccs, a work wliich is daily executed by our own llomach 
and inteftincs, and by thofe of other animiils. Reaumur 
Jikewife difcovered, th.it all the cells In a hive were not 
deftined for the reception of honey, and for clcpofiting 
the eggs of the female, but that fome of them were cm- 
ployed as receptacles for the farina of flowcis, a fpecies 
of food that bees find necefl'ary for the formation of wax, 
which is the great bafis and raw material of all their cu- 
rious operations. When a bee comes to the hive with its 
thighs filled with farina, it is often met near the entrance 
by ibme of its companions, who firfl take off the load, 
and then devour the provifions fo kindly brought to them. 
But, when none of the bees employed in the hive are 
hungry for this fpecies of food, the carriers of the farina 
depofit their loads in cells prepared for that purpofe. To 
thefe cells the bees refort, when the weather is fo bad 
that they cannot venture to go to the fields in queft: of 
frefh provifions. The carrying bees, however, commonly 
enter the hive loaded with farina. They walk along the 
combs beating and making a noife with their wings. By 
thefe movements they feem to announce their arrival to 
their companions. No fooner has a loaded bee made 
thefe movements, than three or four of thofe within leave 
their work, come up to it, and firfl take off its load, and 
then eat the materials it has brought. As a farther evi- 
dence that the bees actually eat the farina of flowers, 
when the ftomach and inteftines are laid open, they are 
often found to be filled with this dull, the grains of which, 
when examined by the microfcope, have the exa£t figure, 
colour, and confiftence of farina, taken from the anthe- 
rfe of particular flowers. After the farina is digefled, 
€m<i converted into wax, the bees pofTefs the jx)wer of 
hr'n -ii j; it from their ftomachs to their mouths. The in- 

they employ in furnifliing materials for con- 

4lrwcting their waxen cells is their tongue. This tongue 
is fituated below the two teeth or fangs. When at work, 
tiic K iigue may be feen by the afliftauce of a lens and a 
glals-i^ve. It is then in perpetual motion, anU its inot^. 
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ons are extremely rapid. Its figure continually varies. 
Sometimes it is more fharp, at others it is flatter, and fome- 
times it is or more lefs concave, and partly covered with 
a moift pafte or wax. By the different movements of its 
tongue, the bee continues to fupply frefli wax to the two 
teeth, which are employed in raifmg and fafhioning the 
walls of its cell, till they have acquired a fufficient height. 
As foon as the moift pafte or wax dries, which it does al- 
moft inftantaneoufly, it then aflumes all the appearances 
and qualities of common wax. There is a ftill ftronger 
proof that wax is the refult of an animal procefs. When 
bees are removed into a new hive, and clofely confined 
from the morning to the evening, if the hive chances to 
pleafe them, in the courfe of this day feveral waxen cells 
will be formed, without the poflibility of a fingle bee's 
having had accefs to the fields. Befides, the rude mate^ 
rials, or the farina of plants, carried into the hive, are of 
various colours. The farina of fome plants employed by 
the bees is whitifli ; in others it is of a fine yellow colour ; 
in others it is almoft entirely red ; and in others it is green. 
The combs conftruSed with thefe differently-coloured ma^ 
terials are, however, uniformly of the fame colour. Every 
comb, efpecially when it is newly made, is of a pure white 
colour, which is more or lefs tarnifhed by age, the ope- 
ration of the air, or by other accidental circumftances. 
To bleach wax, therefore, requires only the art of ex- 
tracting fuch foreign bodies as may have infinuated them- 
felves into its fubftance, and changed its original colour. 

Bees, from the nature of their conftitution, require a 
warm habitation. They are likewife extremely felicitous 
to prevent infe(9:s of any kind from getting admittance 
into their hives. To accomplifh both thefe purpofes, 
when they take poffeffion of a new hive, they carefully 
examine every part of it, arid, if they difcover any fmali 
holes or chinks, they immediately pafte them firmly up 
with a refinous fubftance which differs confiderably from 
wax. This fubftance was not unknown to the ancients. 
Pliny mentions it under the name of propolis^ or bee-glue. 
Bees ufe the propolis for rendering their hives more clofe 
and perfect, in preference to wax, becaufe the former is 
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more durable, and more powerfully rcfifts the viciflitudes 
of weather, than the latter. This glue is not, like 
wax, procured by an animal procefs. The bees colled 
it from different trees, as the poplars, the birches, and 
the willows. It is a complete production of Nature, and 
requires no addition or manufacture from the animals by 
which it is employed. Alter a bee has procured a quan- 
tity fufficient to till the cavities in its two hind thighs, it 
repairs to the hive. Two of its companions initantly 
draw out the propolis, and apply it to fill up fuch chinks, 
holes, or other deficiencies, as they find in their habita- 
tion. But this is not the only ufe to which bees apply 
the propolis. They are extremely folicitous to remove 
fuch infedls or foreign bodies as happen to get admillion 
into the hive. When fo light as not to exceed their 
powers, they firft kill the infedl with their lUngs, and then 
drag it out with their teeth. But it fometimes happens 
that an ill-fated fnail creeps into the hive. It is no fooncr 
perceived than it is attacked on all fides and ftung to 
death. But how are the bees to carry out a burden of 
fuch weight ^ This labour they know would be in vain. 
They are perhaps apprehenfive that a body fo laige would 
diffufe, in the courfe of its putrefaction, a difagreeable or 
noxious odour through the hive. To prevent fuch hurt- 
ful confequences, immediately after the animal's death, 
they embalm it, by covering every part of its body 
with propolis, through which no effluvia can efcape.— 
When a fnail with a (hell gets entrance, to difpofe of it 
gives much lefs trouble and expence to the bees. As foon 
as this kind of fnail receives the firfl: wound from a fting, 
it naturally retires within its fhell. In this cafe, the bees, 
inftead of parting it all over with propolis, content them- 
felves with gluing all round the margin of the fhell, which 
is fufficient to render the animal forever immoveably fixed. 

But propolis, and the materials for making wax, are not 
the only fubllances thefe induftrious animals have to col- 
lect. As formerly remarked, befide the whole winter, 
there are many days in which the bees are prevented by 
the weather from going abroad in queft of provifions. They 
are, therefpre, vinder the necelhty of collecting, aad araat- 
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fing in cells deftined for that purpofe, large quantities of 
honey. This fweet and balfamic liquor they extract, by 
means of their probofcis or trunk, from the nedariferous 
glands of flowers. The trunk of a bee is a kind of rough 
cartilaginous tongue. After coUeding a few fmall drops 
of honey, the animal with its probofcis conveys them to 
its mouth and fwallows them. From the oefophagus, or 
gullet, it palTes into the firfl ftomach, which is more or 
lefs fwelled in proportion to the quantity of honey it con- 
tains. When empty, it has the appearance of a fine white 
thread : But, when filled with honey, it affumes the figure 
of an oblong bladder, the membrane of which is fo thin, 
and tranfparent, that it allows the colour of the liquor it 
contains to be diftindly feen. This bladder is well known 
to children who live in the country. They cruelly amufe 
themfelves with catching bees, and tearing them afunder,in. 
order to fuck the honey. A fingle flower furnifhes but a 
fmall quantity of honey. The bees are, therefore, obliged 
to fly from one flower to another till they fill their firfl: fto- 
machs. When they have accompliflied this purpofe, they 
return direftly to the hive, and difgorge in a cell the whole 
honey they have colleded. It not unfrequently happens, 
however, that, when on its way to the hive, it is accofl:ed 
by a hungry companion. How the one can communicate 
its neceflity to the other, it is perhaps impoflible to dif- 
cover. But the fa£t is certain, that, when two bees meet 
in this fituation, they mutually fl:op, and the one whofe 
ftomach is full of honey extends its trunk, opens its mouth, 
which lies a little beyond the teeth, and, like ruminating 
animals, forces up the honey into that cavity. The hun- 
gry bee knows how to take advantage of this hofpitable 
invitation. With the point of its trunk it fucks the ho- 
ney from the other's mouth. When not ftopped on the 
road, the bee proceeds to the hive, and in the fame man- 
ner offers its honey to thofe who are at work, as if it 
meant to prevent the neceflity of quitting their labour 
in order to go in quefl of food. In bad weather, the 
bees feed upon the honey laid up in open cells ; but they 
never touch thefe refervoirs when their companions are 
enabled to fupply them with frefh honey from the fields. 

But 
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But the mouths of thofe cells which arc dedincd for pre- 
ferving honey during winter, they always cover with a lid 
or thin plate of wax. 

Though not flriclly connedled wiah the prefent fubjeft, 
we cannot refrain from giving fome account of the inge- 
nious Mr. Debraw's difcoveries concerning the lex of 
bees, and the manner in which their fpecies is muhip)ied*i 
It was almofl: univcrfally believed, both by ancients and 
moderns, that bees, like other animals, propagated hy an 
adual intercourfe of the male and female, though it ne* 
ver could be perceived by the moft attentive ohfervers. 
Pliny remarks, that apium coitus vifus ejl nunqiuim ; and 
even the indefatigable Reaumur, notwithftanding the ma- 
ny minute refearches and experiments he made concern- 
ing every part of the oeconomy of bees, and though he 
reprefents the mother, or queen-bee, as a perted: Mella- 
lina, could never detect an actual intercourfe. From this 
lingular circumftance, Maraldi, in his obfervations upon 
bees I, canjedured. that the eggs of bees, like .thofe of 
fiflies, were impregnated after they were depofited in the 
cells by the mother. He was farther confirmed in this 
opinion, by uniformly obfcrving that a whitifli liquid fub- 
ftancc furrounded each egg which turned out to be fer- 
tile ; but tiiat thofe eggs round which no fuch fubflancc 
was to be found were always barren. The working bees, 
or thofe which collect from flowers the materials of wax, 
have generally been confidered as belonging to neither 
fcx. But Mr, Shirach, a German Naturahft, in his 
Hifiory of the ^leen cf the Bees^ maintains, that all the 
common bees are females in a difguifed or barren (late ; 
that the organs which diflinguifh the fex, and particularly 
the ovaria, are either obliterated, or, on account of their 
minutenefs, have not hitherto been difcovcred ; that, in 
the early period of its exiftence, every, one of thefe bees 
is capable of becoming a queen-bec, if the community 
choofe to nurfe it in a certain manner, and to raife it to 
that diflinguiflied rank , and that the queen-bee lays on- 
ly two kinds of eggs, namely, thofe that are to produce 

drones 

* ophicalTranfaftions, ann. 1777, t^art I. pajc 15. 

t Hilt, dc I'Acad. de Scicn. ann. 1712. S. 
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drones or males, and thofe from which the working bee? 
are to proceed. 

The conjedure of Maraldi concerning the impregna- 
tion of the eggs after they are depofited in the cells, as 
well as the obfervations of Mr. Shirach concerning the fex 
of the working bees, have been completely verified by tht 
experiments of Mr. Debraw. Both Maraldi and Reaumur 
had long ago difcovered, that in every hive, befide the 
large drones, there are males, or drones, as fmall as the 
working bees. By means of glafs-hives, Mr. Debraw 
obferved, that the queen-bee begins to depofit her eggs in 
the cells on the fourth or fifth day after the bees begin to 
work. On the firll or fecond day after the eggs are pla- 
ced in the cells, he perceived feveral bees finking the pof- 
terior parts of their bodies into each cell, where they con- 
tinued but a fhort time. After they retired, he faw plain- 
ly with the naked eye a fmall quantity of whitifh liquor 
left in the bottom of each cell that contained an egg. 
Next day he found that this liquor was abforbed into the 
egg, which, on the fourth day, is hatched. When the 
worms efcape from the eggs, they are fed for the firft 
eight or ten days with honey by the working bees. After 
that period they fhut up the mouths of the cells, where 
the worms continue inclofed for ten days more, during 
which time they undergo their different transformations. 

' I immerfed,' fays Mr. Debraw, ' all the bees in war 

* ter ; and, when they appeared to be in a fenfelefs ftate, 

* I gently preffed every one of them between my fingers, 

* in order to diftinguifh thofe armed with flings from 

* thofe that had none, which laft I might fufped to be 

* males. Of thefe I found fixty-feven, exaftly of the'fize 
' of common bees, yielding a little whitifh liquor on being 

* preffed between the fingers. I killed every one, and re- 
' placed the fwarm in a glafs-hive, where they im.mediate- 
' ly applied again to the work of making cells ; and, on the 
' fourth or fifth day, very early in the morning, I had the 

* pleafure to fee the queen-bee depofiting her eggs in thefe 
' cells, which (he did by placing the pofterior part of her 

* body in each of them. I continued to watch moft part v 

* of the enfuing days, but could difcover nothing of what 

'I had 
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* I had fccn before. The eggs, after the fourth day, iii- 

* (lead of changing in the manner of caterpillars, were 

* found in the fame ftate they were in the firft day. The 

* next day about noon, the whole fwarm forfook the hive, 

* probably becaufe the animals perceived, that, without 
' the affiftance of males, they were unqualified to multi- 

* ply their fpecies.* To (how the neceflity of the eggs be- 
ing fecundated by the male influence, Mr. Dcbraw relates 
an experiment ftill more decifive. 

* I took,* fays he, ' the brood-comb, which, as I oh- 

* ferved before, had not been impregnated : I divided it 

* into two parts ; one I placed under a glafs-bell, No. i. 

* with honey-comb for the bees food ; I took care to leave 

* a queen, but no drones, among the common bees I con- 

* fined in it. The other piece of brood-comb I placed 
' under another glafs-bell. No. 2. with a few drones, a 

* queen, and a number of common bees proportioned to 
' the fize of the glafs. The refult was, that, in the glafs 

* No. I. no impregnation happened ; the eggs remained 

* in the fame ftate they were in when put into the glafs ; 
*^ and, upon giving the bees their liberty on the feventl) 

* day, they all flew away, as was found to be the cafe in 

* the former experiment : Whereas, in the glafs No. 2. 
' I faw, the very day after the bees had been put under 

* it, the impregnation of the eggs by the drones in every 

* cell containing eggs ; the bees did not leave their hive 
' on receiving their liberty ; and, in the courfe of twenty 
' days, every egg underwent all the above mentioned nc- 

* cefTary changes, and formed a pretty numerous young 
' colony, in which I was not a little ftartled to find two 
' queens.* 

The appearance of a new queen in a hive where there 
was no large or royal cell, made Mr. Debraw conjedlure 
that the bees are capable, by fome particular means, of 
transforming a common fubjc£t into a queen. To afcer- 
tain the truth of this conjefture, he provided himfelf v^ith 
four glafs-hives, into each of which he put a piece of 
brood-comb taken from an old hive. Thefe pieces of 
brood-comb contained eggs, worms, and nymphs. In 
tach hive he coii§;ied a fufficient number of common 

bees, 
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bees, and fome drones or-males, but took care tTiat there 
Ihoiild be no queen. 

' The bees,' Mr. Debraw remarks, ' finding themfelves 

* without a queen, made a ftrange buzzing noife, which 

* lafted near two days, at the end of which they fettled, 

* and betook themfelves to work. On the fourth day, I 
f perceived in each hive the beginning of a royal cell, a 

* certain indication that one of the inclofcd worms would footi 
' be converted into a queen. The conllrudlion of the royal 
' cell being nearly accomplifhed, I ventured to leave an 

* opening for the bees to get out, and found that they re- 

* turned as regularly as they do in common hives, and 

* (hewed no inclination to leave their habitation. But, td 
' be brief, at the end of twenty days, I obferved four 

* young queens among the new progeny.' 

To thefe experiments of Mr. Debraw, it was objeded, 
that the queen-bee, befide the eggs which flie depofits in 
|he royal cells, might likewife have laid royal or female 
^iggs in the common cells ; and that the pieces of brood- 
comb, fo fuccefsfully employed in his experiments for the 
produ£tion of a queen, had always happened to contain 
one of thefe royal eggs, or rather one of the worms pro- 
ceeding from them. But this obje£tion was afterwards 
removed by many other accurate experiments, the refults 
of which were uniformly the fame ; and the objeftors to 
Mr. Debraw*s difcovery candidly admit, that, when. the 
community ftands in need of a queen, the working bees 
poffefs the power of raifmg a common fubjed to the 
throne j and that every worm of the hive is capable., un- 
der a certain courfe of management, of becoming the 
mother of a numerous progeny. This metamorphofis 
feems to be chiefly accomplifhed by a peculiar nouriflir 
ment carefully adminiflered to the worm by the working- 
bees, by which, and perhaps by other unknown means, 
the female organs, the germs of which previoufly exifted 
in the embryo, are expanded, and all thofe differences in 
form and fize, that fo remarkably diftinguifli the queen 
from the working-bees, are produced. ,^ 

It is always a fortunate circumftance when difcoveries, 
which at firft feem calculated folely to gratify curiofity, 

R r are 
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are capable of being turned to the advantage of fociety. 
Mr. Dcbraw, accordingly, has not failed to point out the 
advantages that may be derived from his rclearchcs into 
the OEconomy and nature of bees. By his diicovcry, we 
are taught an eafy mode of multiplying, without end, 
fwarms, or new colonies, of thefe uleful inicds. liclidc 
the great increafe of honey, if this difcovery wt-re fuil:- 
ciendy attended to, conliderable funis annually expLMulcJ 
in importing wax into this kingdom from the Ccntintnt 
might be faved. The practice of this new art, Mr. Schi- 
rach informs us, has alreadv extended itL'lf through Up- 
per Lufatia, the Palatinate, Bohemia, Bavaria, Silcha, and 
Poland. In fome of thefe countries, it has excited the 
attention, and acquired the patronage, of government. 
The Emprefs of Ruflia, who never lofes fight of a fingle 
article by which the induftry, and, of courfe, the happi* 
nefs, of her fubje£ls can be augmented, has lent a proper 
perfon to Klein Bautzen to be inftrufted in the general 
prmciples, and to learn all the minutiae, of this new and 
important art. 

Wafps, like the bees, alTociate in great numbers, and 
conftru6t, with much dexterity and (kill, a common ha- 
bitation. There are many fpecies of wafps, fome of 
which unite into focieties, and others fpend their lives in 
^perfed folitude. But, in this place, we (hall confine our 
attention to the operations of the common afiociating 
wafp, an infect fo well kno\vn, even to children, that it 
requires no defcription. Though bees, as well as wafps, 
are armed with a fting, yet the former may be regarded 
as a placid and harmlefs race. Bees are continually oc- 
cupied with their own labours. Their chief care is to 
defend themfelves ; and they never take nourifliment at 
the expence of any other animal. Wafps, on the con- 
trary, are ferocious animals, who live entirely on rapine 
and deftruclion. They kill and devour every infecl that 
is inferior to them in ftrength. But, though warlike and 
rapacious in their general manners, they are pcjlifhed and 
peaceable among themfelves. To their young they dif- 
cover the greateft tendernefs and affection. For their 
protection and conveniency no labour is fparcd ; and the 

habita- 
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habitations they conftruft do honour to their patience, 
addrefs, and fagacity. Their architedure, like that of the 
honey-bee, is fingular, and worthy of admiration ; but 
the materials employed furnifh neither honey nor wax. 
Impelled by an inftinftive love of pofterity, they, with 
great labour, ikill, and affiduity, conftruft combs, which 
are likewife compofed of hexagonal or fix-fided cells. 
Though thefe cells are not made of wax, they are equally 
proper for the reception of eggs, and for affording con- 
venient habitations to the worms which proceed from 
them till their transformation into wafps. 

In general, the cells of the wafps are formed of a kind 
of paper, which, with great dexterity, is fabricated by 
the animals themfelves. The number of combs and cells 
' in a wafp's neft is always proportioned to the number of 
individuals alTociated. Different fpecies choofe different 
fituations for building their nefts. Some expofe their 
habitations to all the injuries of the air ; others prefer the 
trunks of decayed trees ; and others, as the common 
kind, of which we are principally treating, conceal their 
nefts under ground. The hole which leads to a wafp*s 
neft is about an inch in diameter. This hole is a kind 
of gallery mined by the wafps, is feldom in a ftraight line, 
and varies in length from half a foot to two feet, accord- 
ing to the diftance of the neft from the furface of the 
ground. When expofed to view, the whole neft appears 
to be of a roundifh form, and fometimes about twelve or 
fourteen inches in diameter. It is ftrongly fortified all 
round with walls or layers of paper, the furface of which 
is rough and irregular. In thefe walls, or rather in this 
external covering, two holes are left for paffages to the 
combs. The wafps uniformly enter the neft by one hole, 
and go out by the other, which prevents any confufion 
or interruption to their common labours. 

We are now arrived at the gates of this fubterraneous 
city, which, though fmall, is extremely populous. Upon 
removing the external covering, we perceive that the 
whole interior part confifts of feveral floreys or floors of 
combs, which are parallel to each other, and nearly in 
^ horizontal pofition. Every ftorey is compofed of a 

numerous 
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numerous aifcmblage of hexagonal cells, very regularlf 

conitructed with a matter refembling afh-coloured paper. 
Thcfe ceils contain neither wax nor honey, but arc lolely 
dellined for containing the eggs, the worms which are 
hatched from them, the nymphs, and the young wafps 
till they are able to fly. Walps ncfts are not always com- 
posed of an equal number of combs. I'hey fometimes 
confift of fifteen, and fometimes of eleven only. The 
combs are of various diameters. The firft, or uppermoft, 
is often only two inches in diameter, while thole of the 
middle fometimes exceed a foot. The loweft are alfo 
much fmaller than the middle ones. All thefe combs, 
like fo many floors or lloreys ranged parallelly above each 
other, afford lodging to prodigious numbers of inhabi- 
tants. Reaumur computed, from the number of cells in 
a given portion of comb, that, in a medium-fized nell, 
there were at leall 10,000 cells. This calculation gives 
an idea of the aflonifhing prolific powers of thefe inlects, 
and of the vaft numbers of individuals produced in a 
lingle feafon from one neft ; for every cell ferves as a lodg- 
ing to no lefs than three generations. Hence a mode- 
rately-fized neft gives birth annually to 30,000 young 
wafps. 

The different ftoreys of combs are always about half 
an inch high, which leaves free paffages to the wafps from 
one part of the nefl: to another. Thefe intervals are fo 
fpacious, that, in proportion to the bulk of the animals, 
they may be compared to great halls, or broad llreets. 
Each of the larger combs is fupported by about fifty pil- 
lars, which, at the fame time, give foUdity to the labrick, 
and greatly ornament the whole nell. 'I'he Icflcr combs 
are fupported by the fame ingenious contrivance. Thefe 
pillars are coarfe, and of a roundilh form. Their bafes 
and capitals, however, are much larger in diameter than 
towards the middle. By the one end they are attached 
to the fuperior comb, and by the other to the interior. 
Thus between two combs there is always a fpecies of ruftic 
colonade. The wafps begin at the top and build down- 
ward. The uppermoft and fmalleft comb is flrft can- 
ftructed. It is attached to the fuperior part of the exter- 
nal 
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nal covering. The fecond comb is fixed to the bottom 
of the firft ; and in this manner tjie animals proceed till 
the whole operation is completed. The conneding pillar* 
are compofed of the fame kind of paper as the reft of the 
nett. To allow the wafps entries into the void fpaces, 
roads are left between the combs and the external enve- 
lope or covering. 

Having given a general idea of this curious edifice, it 
is next natural to inquire how the wafps build, and how 
they employ themielves in their abodes. But, as all 
thefe myfteries are performed under the earth, it required 
much induftry and attention to difcover them. By the 
ingenuity and perfeverance of M. de Reaumur, however, 
we are enabled to explain fome parts of their internal 
ceconomy and manners. This indefatigable naturalift con- 
trived to make wafps, like the honey-bees, lodge and 
work in glafs-hives. In this operation he was greatly af- 
fifted by the ardent alfedion which thefe animals have to 
iheir offspring ; for he found, that, though the neft was 
cut in different directions, and though it was expofed to 
the light, the wafps never deferted it, nor relaxed in their 
attention to their young. When placed in a glafs-hive, 
they are perfedly peaceable, and never attack the obferver, 
if he calmly contemplates their operations ; for, naturally, 
they do not fting, unlefs they are irritated. 

Immediately after a wafp's neft has been tranfported 
from its natural fituation, and covered with a glafs-hive, 
the firft operation of the infects is to repair the injuries 
it has fuffered. With wonderful activity they carry off 
all the earth and foreign bodies that may have acciden- 
tally been conveyed into the hive. Some of them occu- 
py themfelves fixing the neft to the top and fides of the 
hive by pillars of paper fimilar to thofe which fupport 
the different ftories or ftrata of combs ; others repair the 
breaches it has fuftained ; and others fortify it by aug- 
menting confiderably the thicknefs of its external cover» 
This external envelope is an operation peculiar to wafps. 
Its conftrudion requires great labour ; for it frequently 
exceeds an inch and a half in thicknefs, and is compofed 
of a number of ftrata or layers as thin as paper, between 

each 
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each of which there is a void fpace. This cover is a kind 

of box for incloliQg the combs, and defending them from 
the rain which occnfionally penetrates the earth. For 
this purpofe it is admirably adapted. If it were one fo- 
lid mafs, the contad of water would penetrate the whole, 
and reach the combs. But, to prevent this fatal etied, 
the animals leave confiderable vacuities between each 
Taulted layer, which are generally fifteen or fixteen in 
number. By this ingenious piece ot architecture, one or 
two layers may be moillened with water, while. the others 
are not in the leaft affeded. 

The materials employed by wafps in the conflrudion 
of their nefts are very ditferent from thofe made ufe of 
by the honey-bee. Inflead of colleding the farina of 
flowers, and digefting it into wax, the wafps gnaw with 
their two fangs, which are ftrong and ferrated, fmall 
fibres of wood from the fafhes of windows, the poits of 
efpaliers, garden doors, &c. but never attempt growing 
or green timber. Thefe fibres, which, though very flen- 
der, are often a line, or a twelfth part of an inch long. 
After cutting a certain number of them, the animals col- 
led them into minute bundles, tranfport them to their neft, 
and, by means of a glutinous fubftance furnilhed from 
their own bodies, form them into a moift and ductile 
pafte. Of this fubftance, or papier mache^ they conltrud 
the external cover, the partitions of the neft, the hex- 
agonal cells, and the lolid columns which fupport the fe- 
veral layers or ftories of combs. 

The conflruding of the nefl occupies a comparatively- 
fmall number of labourers. The others are difierently 
employed. Here it is neceffary to remark, that the re- 
publics of wafps, like thofe of the honey-bees, confifl of 
three kinds of flies, males, females, and neuters. Like 
the bees, alfo, the number of neuters far furpaffes thofe 
of both males and females. The greatefl quantity of la- 
bour is devolved upon the neuters ; but they are not, 
like the neuter bees, the only workers ; for there is no 
part of their different operations which the females, at 
certain times, do not execute. Neither do the males, 
though their induflry is not comparable to that of the 

neuters, 
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neuters, remain entirely idle. They often occupy them- 
lelves in the interior part of the nell. The greaieil part 
ot the labour, however, is performed by the neuters. 
They build the nell, feed the males, the females, and 
even the young. But, while the neuters are employed 
in thele different operations, the others are abroad in 
hunting parties. Some attack with intrepidity live in- 
fedts, which they fometimes carry entire to the nelt ; 
but they generally tranfport the abdomen or belly only. 
Others pillage butchers flails, from which they often ar- 
rive vA'ith a piece of meat larger than the half of their 
own bodies. Others refort to gardens, and fuck the jui- 
ces of fruits. When they return to the neft, they diilri- 
bute a part of their plunder to the females, to the males, 
and even to fuch neuters as have been ufefully occupied 
at home. As foon as a neuier enters the neft, it is fur- 
rounded by feveral wafps, to each of whom it freely gives 
a portion of the food it has brought. Thofe who have 
not been hunting for prey, but have been fucking the 
juices of fruits, though they feem to return empty, fail 
not to regale their companions ; for, after their arrival, 
they Ration themfelves upon the upper part of the neft, 
and difcharge from their mouths two or three drops of 
a clear liquid, which are immediately fwallowed by the 
domeftics. 

The neuter wafps, though the moft laborious, are the 
fmalleft ; but they are extremely aftive and vivacious. 
The females are much larger, heavier, and flower in their 
movements. The males are of an intermediate fize be- 
tween that of the females and neuters. From thefe dif- 
ferences in fize, it is eafy to diftinguifti the different kinds 
of thofe wafps which build their nefts below the ground. 
In the hive of the honey-bee, the number of females h 
always extremely fmall ; but, in a wafp's neft, there are 
often more than three hundred females. During the 
months of June, July, and Auguft, they remain conftant- 
ly in the neft, and are never feen abroad except in the 
beginning of fpring, and in the months of September 
and 06lober. During the fummer, they are totally oc- 
cupied in laying their eggs and feeding their young. In 
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this laft operation, they are aflifVcd by the other vrafps ; 
for the females alone, though numerous, would he in- 
fufficient for the laborious talk. A wafp's nefl, when 
completed, fometimes confifts of fixteen thoufaiid cells, 
each of which contains an egg, a worm, or a nymph. 
The eggs are white, tranfparent, of an oblong figure, 
and differ in fize, according to the kind of walps which 
are to proceed from them. Some of them are no larger 
than the head of a fmall pin. They are fo firmly glued 
to the bottoms of the cells, that it is with difficulty they 
can be detached without breaking. Eight days after fhe 
eggs are depofited in the cells, the worms are hatched, 
and are confiderably larger than the eggs which gave 
birth to them. Thefe worms demand the principal cares 
of the wafps who continue always in the neft. They feed 
them, as birds feed their young, by giving them,, from 
time to time, a mouthful of food. It is aftonilhing to 
fee with what induftry and rapidity a female runs along 
the cells of a comb, and diftributes to each worm a por- 
tion of nutriment. In proportion to the ages and con- 
ditions of the worms, they are fed with folid food, fuch 
as the bellies of infeds, or with a liquid fubftance dif- 
gorged by the mother. When a worm is fo large as to 
occupy its whole cell, it is then ready to be metamor- 
phofed into a nymph. It then refufes all nouriflunent, 
and ceafes to have anv connexion with the wafps in the 
neft. It fliuts up the mouth of its cell with a fine fdken 
cover, in the fame manner as the fdk-worm and other 
caterpillars fpin their cods. This operation is completed 
in three or four hours, and the animal remains in the 
nymph ftate nine or ten days, when, with its teeth, it de- 
ftroys the external cover of the cell, and comes forth 
in the form of a winged infecl, which is either male, fe- 
male, or neuter, according to the na.ture of the egg from 
which it was hatched. In a fhort time, the wafps newly 
transformed receive tlie food brought into the nefl by the 
foragers in the fields. What is ftill more curious, in the 
courfe of the firft day after their transformation, the young 
wa^'ps have been obfcrved going to the fields, bringing in. 
provifions, and diflributing them to the worms in the cells. 

A cell 
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A cell is no fooner abandoned by a young wafp, than it 
is cleaned, trimmed, and repaired by an old one, and 
tendered, in every refpe£l, proper for the reception of 
another egg. 

As formerly mentioned, wafps of different fexes differ 
greatly in fiae. The animals know how to conftrud cells 
proportioned to the dimenfions of the fly that is to pro- 
ceed from the egg which the female depofits in them. 
The neuters are fix times fmaller than the females, and 
their cells are built nearly in the fame proportion. Cells 
are not only adapted for the reception of neuters, males, 
and females, but it is remarkable that the cells of the neu- 
ters are never intermixed with thofe of the males or fe- 
mal-es. A comb is entirely occupied with fmall cells fitted 
for the reception of neuter worms. But male and female 
cells are often found in the fame comb. The males and 
females are of equal length, and, of courfe, require cells 
of an equal deepnefs. But the cells of the males are nar- 
rower than thofe of the females, becaufe the bodies of the 
former are never fo thick as thofe of the latter. 

This wonderful aifemblage of combs, of the pillars 
which fupport them, and of the external envelope, is an 
edifice which requires feveral months labour, and ferves 
the animals one year only. This habitation, fo populous 
in fummer, is al'moft deferted in winter, and abandoned 
entirely in fpring ; for, in this laft feafon, not a fmgle 
wafp is to be found in a neft of the preceding year. It is 
worthy of remark, that the firfi: combs of a neft are al- 
ways accommodated for the reception of the neuter or 
working wafps. The city, of which the foundation has 
juft been laid, requires a number of workmen. The 
neuter or working wafps are accordingly firft: produced. 
A cell is no fooner half-completed than an egg of a neuter 
is depofited in it by the female. Of fourteen or fifteen 
combs inclofed in a common cover, the four lafl only are 
deftined for the reception of males and females. Hence 
it uniformly happens, that, before the males and females 
are capable of taking flight, every wafp*s neft is peopled 
with feveral thoufand neuters or workers. But the neu- 
ters, who are firft produced, are likewifc the firft that pe- 

S s rifh-, 
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rifh ; for not one of them furvives the termination even 
of a mild winter. It was remarked by the ancient Naiu- 
ralifts, that fome wafps lived one year only, and others 
two. To the former Ariilotle gives the appellation oi 
opcrarii, which are our workers or neuters, and to the 
latter matrices^ which are our females. 

The female wafps are ftronger, and fupport the rigours 
of winter better, than the males or neuters. Before the 
end of winter, however, feveral hundred females die, 
and not above ten or a dozen in each nefl furvive 
that feafon. Thefe few females are dellined for the 
continuation of the fpecies. Each of them becomes the 
founder of a new republic. When a queen-bee departs 
from a hive, in order to eflablilh a new one, Ihe is alwayi 
accompanied with feveral thoufand induftrious labourers, 
ready to perform every necetfary operation. But the fe- 
male wafp has not the aid of a fmgle labourer ; for all 
the neuters are dead before the beginning of the fpring. 
The female alone lays the foundation of a new republic. 
She either finds or digs a hole under the earth, builds cells 
for the reception of her eggs, and feeds the worms which 
proceed from them. Whenever any of thefe neuter 
worms arc transformed into flies, they immediately aflilt 
their parent in augmenting the number of cells and combs, 
and in feeding the young worms, which are daily hatch- 
ing from the eggs. In a word, this female wafp, which 
in fpring was perfecl:ly foliiary, without any proper habi- 
tation, and had every operation to perform, has, in au^- 
tumn, fe^'eral thoufands of her offspring at her devotion, 
and is furnifhed with a magnificent palace, or rather city, 
to proted her from the injuries of the weather and from 
external enemies. 

With regard to the male wafps, it is uncertain whether 
any of them furvive the winter. But, though not fo in- 
dolent as the males of the honey-bee, they can be of little 
afTiflance to the female ; for they never engage in any 
work of importance, fuch as conflruding cells, or forti- 
fying the external cover of the nefl. They are ncrcr 
"brought forth till towardc the end of Auguft: ; and their 
fole occupation feems to be that of keeping the neft clean : 



OF NATURAL HISTORY. 323 

They carry out every kind of filth, and the carcafes of fuch 
of their companions as happen to die. In performing 
this operation, two of them often join, and, as mention- 
ed in another place, when the load is too heavy, they cut 
off the head, and tranfport the dead animal at two times. 

In the beginning of fpring, when the female wafp has 
built her fubterraneous habitation, which is foon to be 
peopled with thoufands of flies, fhe has no occafion for 
the males ; becaufe, in the month of September or Odo- 
ber, fhe had been previoufly impregnated. The males 
and females are produced at the fame time, and they are 
nearly equal in number. Like the male honey-bees, the 
male wafps are deltitute of ftings, but the females and 
neuters have flings, the poifonous liquor of which, when 
introduced into any part of the human body, excites in- 
flammation, and creates a confiderable degree -of pain. 

The habitations and the oeconomy of the common ant 
are exceedingly curious. But, as they are fo well known, 
and fo obvious to infpedion and examination, we fhali 
not detain the reader with a defcription of them. To 
fupply this defeft, we fhall give fome account of the truly 
wonderful operations of the termites, which are generally 
called white-ants *, though they belong to a different ge- 
nus of infeds. Thefe animals infefl Guinea, and all the 
tropical regions, where, for their depredations of pro- 
perty, they are greatly dreaded by the inhabitants ; from 
which circumftanca they have received the name of Fa- 
ta/(s, or DeJlru6tor. 

The following abridged account of the termites, and of 
the wonderful habitations they build, is felected from an 
excellent defcription of them in a Letter from Mr. Henry 
Smeathman, of Clement's Inn, to Sir Jofeph Banks, which 
was publifhed in the Philofophical Tranfa-clions f . Though 
the nefts, or rather hills, conftru^ted by the termites, 
are mentioned by many travellers, their defcriptions and 
obfervations are by no means fo accurate as thofe of the 

ingenious 

• In the windward parti of Africa, they are denominated bugga, buggs; in 
*hc Wefl-Indies, wood-lice, wood-ants, or lohite-ants. They are likcwife called 
piercers, eaters, ot cutters, becaufe they cut aliiioft every thing in pieces. S. 

+ Vol. 71. part. 1. pajc 139. S. 
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ingenious Mr. Sracathman. Of thcfe infeds there are 
fe\ cral fpecies ; but they all refeinbic each other in form, 
and in their manner of living. They ditfcr, however, as 
much as birds, in the ftile of their arcfeitcclure, and in 
the felection of the materials of which their nefts are 
compofed. Some build on the furface, or partly above 
and partly below the ground, and others on the trunks 
or branches of lofty trees. 

Before defcribing the nefts or hills, it is neceflary to 
give lome idea of the animals themfelves, and of their 
general oeconomy and manners. We fliall confine our- 
felves to that fpecies called tennifes belUcofi, or Jighters^ 
becaufe they are largelt, and bed known on the coail ot 
Africa. 

The republic of the termites belUcofi, like the other fpe- 
cies of this genus, confifts of three ranks, or orders of 
infects: i. The working infedls, which Mr. Smeathman 
diftinguifhes by the name of Uibourcrs ; 2. The fighters, 
or foldiers^ which perform no kind of labour ; and, 3. 
The winged, or perfed infers ^ which are male and fe- 
male, and capable of multiplying the fpecies. Thefe laft 
Mr. Smeathman calls the nobility or gentry ; becaufe they 
neither labour nor fight. The nobility alone are capable 
of being raifed to the rank of kings and queens. A few 
weeks airer their elevation to this ftate, they emigrate, 
in order to ellablifh new empires. 

In a neft. or hill, the labourers, or working infects, 
are always mod: numerous : There are at lead one hun- 
dred labourers to one of the fighting infeds or foldiers. 
When in this ftatc, they are about a fourth of an inch 
in length, which is rather fmaller than fome of our ants. 
From their figure, and fondnefs for wood, they are very 
generally knovi'n by the name of wood-lice. 

The fecond order, or foldiers, differ in figure from 
that of the labourers. The former have been fuppofed 
to be neuters, and the latter males. But, in fa£t, they 
are the fame infects. They have only undergone a change 
^ of form, and made a nearer approach to the perfect (tate. 
They are now much larger, being half an inch in length, 
and equal in fizc to fJteen of the labourers. The form 

of 
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of the head is likewife greatly changed. In the labourer 
ftate, the mouth is evidently formed for gnawing or 
holding bodies : But, in the foldier ftate, the jaws being 
(haped like two ftiarp awls a little jagged, are deftined 
folely for piercing or wounding. For thefe purpoles they 
are very well calculated ; for they are as hard as a crab's 
claw, and placed in a ftrong horny head, which is of a 
nut-brown colour, and larger than the whole body. 

The figure of the third order, or that of the infed in 
its perfedt ftate, is ftill more changed. The head, the 
thorax, and the abdomen, differ almoft entirely from the 
lame parts in the labourers and foldiers. Befide, the 
animals are now furniftied with four large, brownifti, 
tranfparent wings, by which they are enabled, at the 
proper feafon, to emigrate and to eftablifh new fettlements. 
In the winged or perfect ftate, they have likewife acquired 
the organs of generation, and are greatly altered in their 
fize as well as in their figure. Their bodies now meafure 
between fix and feven tenths of an inch, their wings, 
from tip to tip, above two inches and a half, and their 
bulk is equal to that of thirty labourers, or two foldiers. 
Inftead of adive, induftrious, and rapacious little animals, 
when they arrive at their perfed ftate, they become inno- 
cent, helplefs, and daftardly. Their numbers are great ; 
but their enemies are ftill more numerous. They are 
devoured by birds, by every fpecies of ants, by carnivorous 
reptiles, and even by the inhabitants of many parts of 
Africa. This laft fad is attefted by Pifo, Margraave, 
De Laet, Konig, Moor, Sparman, and by many other 
travellers, as well as by Smeathman. After fuch devaf- 
tation, it is furprifmg that a fmgle pair ftiould efcape fo 
many dangers. ' Some, however,' fays Mr. Smeathman, 
' are fo fortunate ; and being found by fome of the la- 
' bouriiig infeds, that are continually running about the 
' furface of the ground under their covered galleries, are 

* eleded Kings and ^eens of new ftates ; all thofe who are 

* not fo eleded and preferved certainly perifti. The man- 
' ner in which thefe labourers proted the happy pair from 
' their innumerable enemies, not only on the day of the 
^ maifacre of almoft all their race, but for a long time 

' after, 
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* after, will, I hope, juftify me in the ufe of the term 

* ckdion. The little indultrious creatures immediately 

* indole them in a fmall chamber of clay fui table to their 

* fize, into which, at fird, they leave but one fmall en- 
' trance, large enough for themfelves and the foldiers to 

* go Lii and out, but much too little for either of the 

* royal pair to make ufe of; and when necelfitv obliges 

* them to make more entrances, they are never larger ; 

* fo that, of courfe, the voluntary fuhjccb charge them- 

* felves with the uik of providing for the offspring of 

* their fovereigns, as well as to work and to fight for 
' them, until they have raifed a progeny capable at lead 

* of dividing the tafK. with them. 

' It is not till this, probably, that they confummatc 

* their marriage, as I never faw a pair of them joined. 

* The bufmefsof propagation, however, foon commences; 

* and the labourers having conflructed a fmall wooden nur- 
' fery, carry the eggs and lodge them there as faft: as they 

* can obtain them from the riuecn. 

' About this time a moll extraordinary change begins 

* to take place in the queen, to which I know nothing 
' fimilar, except in the pulcx penetrans of Linnseus, the 
*' jigger of the Weft-Indies, and in the different fpecies 
' of coccus, cochineal. The abdomen of this female begins 
' gradually to extend and enlarge to fuch an enormous 
' fize, that an old queen will have it increafed fo as to be 
^ fifteen hundred or i<uo thouf and times the bulk of the reft 

* of her body, and twenty or thirty thoufand times the bulk 
' of a labourer, as I have found by carefully weighing 

* and computing the different ftates. The Ikin between 

* the fegments of the abdomen extends in every direction; 
' and at lall the fegments are removed to half an inch 

* diftance from each other, though, at firft, the length of 

* the whole abdomen is not half an inch. I conjedlure 
' the animal is upwards of two years old when the abdo- 
' men is increafed to three inches in length : I have fome- 

* times found them of near twice that fize. The abdo- 

* men is now of an irregular oblong fhape, being con- 

* trashed by the mufcles of every fegment, and is become 
^ one vaft matrix full of eggs, which make long circum- 

' volutions 
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volutions through an innumerable quantity of very 

* minute veflels that circulate round the infide in a fer- 
' pontine manner, which would exercife the ingenuity of 

* a fkilful anatomift to diflecl and develope. This fmgu- 

* lar matrix is not more remarkable for its amazing ex* 
' tenfion and fize than for its periflaltic motion, which 
' refembles the undulating of waves, and continues incef- 

* fantly without any apparent effort of the animal ; fo 
' that one part or other, alternately, is rifmg and fmking 

in perpetual fucceffion, and the matrix feems never at 

* reft, but is always protruding eggs to the amount (as I 

* have frequently counted in old queens) of fixty in a 
' minute, or eighty thoufand and upward in one day of 

* twenty-four hours. 

,. ' Thefe eggs are inftantly taken from her body by her 

* attendants, (of whom there always are, in the royal 
^ chamber and the galleries adjacent, a fufficient number 

* waiting), and carried to the nurferies, which, in a great 
' neft, may fome of them be four or five feet diftant in 

* a ftraight line, and, confequently, much farther by their 

* winding galleries. Here, after they are hatched, the 

* young are attended and provided with every thing 

* neceffary until they are able to fhift for themfelves, and 

* take their fliare of the labours of the community.' 
We fhall now endeavour to give fome idea of the al- 

moft incredible architecture and oeconomy of thefe won- 
derful infeds. 

The nefts of the termites bellicoft^ or wood-lice, are called[ 
hills by the natives of Africa, New Holland, and other 
hot cHmates. This appellation is highly proper ; for they, 
are often elevated ten or twelve feet above the furface of 
the earth, and are nearly of a conical figure. Thefe 
hills, inftead of being rare phenomena, are fo frequent 
in many places near Senegal, that, as defcribed with great 
propriety by Monf. Adanfon, their number, magnitude-, 
and clofenefs of fituation, make them appear like villa- 
ges of the Negroes. ' But, of all the extraordinary things 

* I obierved,' fays Monf. Adanfon, ' nothing ftruck mc 

* more than certain eminences, which, by their height 

* and regularity, made me take them, at a difiance, for 

* an 
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' an affemblage of Negro huts, or a confidcrable villaec, 

* and yet they Avere only the nefls of certain infeas. 

* Thcfc nefts are round pyramids, from eight to ten feet 

* high, upon nearly the fume bafe, with a fmooth furfacc 

* of rich clay, exceflively hard and well built Jobfon, 
in his hiftory of Gambia, tells us, that " the ant-hills 

* are remarkable call up in thofe parts by pifmires, fomc 

* of them twenty foot in height, of compafle to contayne 

* a dozen of men, with the heat of the fun baked into 

* that hardneffe, that we ufed to hide ourfelves in the 

* ragged toppes of them, when we took up ftands to flioot 

* at deere or wild beads |.* Mr. Bofman remarks, in his 
defcription of Guinea, that " the ants make nefls of the 

* earth about twice the height of a man J.' 

. Each of thefe hills is compofed of an exterior and an 
interior part. The exterior cover is a large clay-fhcll, 
■which is fhaped like a dome. Its ftrength and magnitude 
are fufficient to inclofe and protect the interior building 
from the injuries of the weather, and to defend its nu- 
merous inhabitants from the attacks of natural or acci- 
dental enemies. The external dome or cover is, there- 
fore, always much ftronger than the internal building, 
which is the habitation of the infe£ts, and is divided with 
wonderful artifice and regularity into a vaft number of 
apartments for the rcfidence and accommodation of the 
king and queen, for the nurfmg of their progeny, and 
for magazines, which are always well ftored with pro- 
vifions. 

Thefe hills make their firft appearance in the form of 
conical turrets, about a foot high. In a fliort time, the 
infe£ts ere(Et, at a little diftance, other turrets, and go on 
increafing their number and widening their bafes, till their 
underworks are covered with thefe turrets, which the ani- 
mals always raife highefl in the middle of the hill, and, 
by filling up the intervals between each turret, collect 
them, at lad, into one great dome. 

' The royal chamber,^ Mr. Smeathman remarks, * whiclv 

* is 

♦ AdanfonTVoyagc to Senegal, 8vo, pag. 153. — 337. Voyage dc Scncpl. 
410, ps^. 83. —99. S. 

i Puicbas's Piigramj, vol. 2. pag. J570. S. 
X Page 276.-493. S. 
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* is occupied by the king and queen, appears to be, in 

* the opinion of this little people, of the moft confequence, 

* and is always fituated as near the center of the interior 
' building as poffible, and generally about the height of 

* the common furface of the ground. It is always nearly 

* in the fhape of half an egg, or an obtufe oval, within, 

* and may be fuppofed to reprefent a long oven.^ In the 
' infant itate of the colony, it is not above an inch, or 

* thereabouts, in length j but in time will be increafed to 

* fix or eight inches, or more, in the clear, being always 

* in proportion to the fize of the queen, who, increafmg 
' in bulk as in age, at length requires a chamber of fuch 
' dimenfions.' 

The entrances into the royal chamber will not admit 
any animal larger than the foldiers or labourers. Hence 
the king and the queen^ which laft, when full grown, is a 
thoufand times the weight of a king, can never polTibly 
go out. The royal chamber is furrounded by an innu- 
merable quantity of others, which are of different fizes, 
figures, and dimenfions ; but all of them are arched either 
in a circular or an elliptical form. Thefe chambers either 
open into each other, or have communicating paflages, 
which, being always clear, are evidently intended for the 
conveniency of the foldiers and attendants, of whom, a« 
will foon appear, great numbers are necelTary. Thefe 
apartments are joined by the magazines and nurCsries. 
The magazines are chambers of clay, and are at all times- 
well ftored with provifions, which, to the naked eye, 
feem to confift of the rafpings of w^ood and plants which 
the termites deftroy ; but, when examined by the micro-, 
fcope, they are found to confift chiefly of the gums or 
infpiflated juices of plants, thrown together in fmall irre^ 
gular mafles. Of thefe maffes, fome are finer than others, 
and refemble the fugar about preferved fruits ; others re- 
femble the tears of gum, one being quite tranfparent, 
another like amber, a third brown, and a fourth perfectly 
opaque. 

The magazines are always intermixed with the nurfe- 
ries, which laft are buildings totally different from the reft 
of the apartments. They are compofed entirely of wooden 

T t materials. 
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materials, which fccrn to be cemented with gums. Mr. 

Smc;uhman very properly gives them the nppellation of 
nurj'cries ; becaule they are invariably occupied by the 
eggs, and the voting ones, which rtrlk appear in the fhapc 
of labourers ; but they arc as white as fnow. Thcfc build- 
ings are exceedingly compaft, and arc divided into a 
number of fmall irregular-fhaped chambers, not one of 
which is half an inch wide. They are placed all round, 
and as near as polTible to the royal apartments. 

When a nefl or hillock is in the infatit ftate, th^ nur- 
feries are clofe to the royal apartment, liut as, in procefs 
of time, the body of the queen enlarges, it becomes ne^ 
ceflary, for her accommodation, to augment the dimenfi- 
ons of her chamber. She then, likerwife, lays a greater 
number of eggs, and requires more attendants ; of courfe, 
it is neceiTary that both the number and dimenfions of 
the adjacent apartments fhould be augmented. For this 
purpofe, the fmall lirft-built nurferics are taken to pieces, 
rebuilt a little fiirther off, made a fize larger, and their 
number, at the fame time, is increafed. Thus the ani- 
mals are continually employed in pulling down, repair- 
ing, or rebuilding their apartments ; and thefe operations 
they perform with wonderful fagacity, regularity, and 
forefight. 

One remarkable circumflance regarding the nurfefles 
muft not be omitted. They are always flightly overgrown 
with a kind oi mould, and plentifully fprinklcd with white 
globules about the fize of a fmall pin's head. Thefe glo- 
bules, Mr. Smeathman at firlt conjefttired to be the eggs ; 
but, when examined by the microfcope, they evidently ap- 
peared to be a fpecies of mufhroom, in (hape rcfembling 
our eatable mufhroom when young. When entire, they 
arc white like fnow a little melted and frozen again ; 
and, when bruifed, they fecm to be compofed of an infi- 
nite number of pellucid particles, approaching to oval 
forms, and are with difficulty feparated from each other. 
The mouldinefs feems likewife to confid of the fame kind 
of fubftance *. 

The 

♦ y.r. Kortig, who tfxamirted the termiics nffl» in the Eaft-Intirci, conjcChnri, 
that thefe mufhroonu arc the food of ihc young infcfti. Thii fuppofjuon jirplici, 
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The nurferies are inclofed in chambers of clavj like 
thofe which contain the provifions ; but they are much 
larger. In the early ftate of the neft, they are not bigger 
than an hazel nut 5 but, in great hills, they are often as 
large as a child's head of a year old. 

The royal chamber is fituated nearly on a level with 
the furfate of the ground, at an equal diftance from all 
the fides of the building, and dire£tly under the ape;x: of 
the hill. On all fides, both above and below, it is fur- 
rounded by what are called the royal apartmenis^ which 
contain only labourers and foldiers, who can be intended 
for no other purpofe than to continue in the nefl: either to 
guard or ferve their common father and mother^ on whofe 
fafety the happinefs, and, in the eftimation of the Negroes, 
the exiflence, of the whole community depends. Thefe 
apartments compofe an intricate labyrinth, which extends 
a foot or more in diameter from the royal chamber on 
every fide. Here the nurferies and magazines of provifions 
begin ; and, being feparated by fmall empty chambers and 
galleries, which furround them, and communicate with 
each other, are continued on all fides to the outward fliell, 
and reach up within it two-thirds or three-fourths of its 
height, leaving an open area in the middle under the dome, 
which refembles the nave of an old cathedral. This area 
is furrounded by large Gothic arches, which are fome- 
times two or three feet high next the front of the area, 
but diminifli rapidly as they recede, like the arches of 
aifles in perfpedives, and are foon loft among the innu- 
merable chambers and nurferies behind them. All thefe 
chambers and pafTages are arched, and contribute mutu- 
ally to fupport one another. The interior building, or 
alTemblage of nurferies, chambers, and paiTages, has a 
flattilh roof, without any perforation. By this contriv- 
ance, if, by accident, water fhould penetrate the external 
dome, the apartments below are preferved from injury. 
The area has alfo a tlattifli floor, which is fituated above 

the 

that the old ones have a method of providing for and promoting the growth pf 
the muftiroom ; ' a circumfiance,' Mr. Suieathman remarks, ' which, however 
• fl[an;;e to thofe unacquainted with the f.igacity oF thofe infetl'!, I will ventur* 
' to fay, fioin many other extraordinary fails 1 have fcen of them, is cot very 
' improbable.' S. 
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the roval chamber. It is likewife water-proof, »nd C^f 
conrtruded, that, if water gets admittance, it runs oft' by 
fubterraneous paflages, which are of an aftonifhing mag- 
nitude. * I meafured one of them,' fays Mr. Smcathmait, 

* which was perfectly cylindrical, and thirteen inches in 

* diameter.' Thefe fubterraneous palVages are thickly lin- 
ed with the fame kind of clay of which the hill is conl- 
pofed, afcend the internal part of the external (hell in a 
fpiral form, and, winding round the whole building up 
to the top, interfecl and communicate with each other 
at different heights. From every part of thefe large gal- 
leries a number of pipes, or fmaller galleries, leading to 
different parts of the building, proceed. There are like- 
wife a great many which lead downward, by Hoping de- 
fcents, three and four feet perpendicular under ground, 
among the gravel, from which the labouring termites fe- 
k6t the finer parts, which, after being worked up in their 
mouths to the confidence of mortar, become that folid 
clay or ftone of which their hills, and every apartment of 
their buildings, except the nurferies, are compofcd. Other 
galleries afcend and lead out horizontally on every fide, 
and are carried under ground, but near the furface, to 
great diflances. Suppofe the whole nefls within a hun- 
dred yards of a houfe were completely deftroycd, the in- 
habitants of thofe at a greater diftance will carry on their 
fubterraneous galleries, and invade the goods and merchan- 
dizes contained in it by fap and mine, unlefs great atten- 
tion and circumfpection are employed by the proprietor. 

Mr. Smealhman concludes his defcription of the habi- 
tations of the termites bellicofi, with much luodeity, in the 
following words : ' Thus I have defcribed, as briefly as 
' the fubjecl would admit, and I trull without exaggera- 
' ration, thofe wonderful buildings, whofe fize, and ex- 

* ternal form, have often been mentioned by travellers^ 
' but whofe interior, and moft curious parts are fo little 

* known, that I may venture to confider my account of 

* ihem as new, which is the only merit it has ; for they 

* are conilrucled upon fo diir;;rent a plan from any thing 
' elfe upon the earth, and fo complicated, that I cannot 

* find words equal to the tafii.' 

When 
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When a breach is made in one of the hills by an ax, 
or other inftrument, the firft objedt that attrafts attention 
is the behaviour of the foldiers, or fighting infeds. Im- 
mediately after the blow is given, a foldier comes out, 
walks about the breach, and feems to examine the nature 
of the enemy, ot the caufe of the attack. He then goes 
in to the hill, gives the alarm, and, in a Ihort time, large 
bodies rufli out as fad as the breach will permit. It is 
not eafy to defcribe the fury thefe fighting infeds difcover. 
In their eagernefs to repel the enemy, they frequently 
tumble down the fides of the hill, but recover themfelves 
very quickly, and bite every thing they encounter. This 
biting, joined to the ftriking of their forceps upon the 
building, makes a crackling or vibrating noife, which 
is fomewhat fhriller and quicker than the ticking of a 
watch, and may be heard at the diftance of three or four 
feet. While the attack proceeds, they are in the moft 
violent buftle and agitation. If they get hold of any part 
of a man's body, they inftantly make a wound, which 
difcharges as much blood as is equal to their own weight. 
When they attack the leg, the ftain of blood upon the 
ftocking extends more than an inch in width. The^ 
make their hooked jaws meet at the firfl ftroke, and never 
quit their hold, but fuffer themfelves to be pulled away 
leg by leg, and piece after piece, without the fmalleft at- 
tempt to efcape. On the other hand, if a perfon keepg 
out of their reach, and gives them no farther difturbance, 
in lefs than half an hour they retire into the neft, as if 
they fuppofed the wonderful monfler that damaged their 
caftle had fled. Before the whole foldiers have got in, 
the labouring infefts are all in motion, and haften toward 
the breach, each of them having a quantity of tempered 
mortar in his mouth. This mortar they flick upon the 
breach as faft as they arrive, and perform the operation 
with fo much difpatch and facility, that, notwithftanding 
the immenfity of their numbers, they never ftop or em- 
barrafs one another. During this fcene of apparent hurry 
and confufion, the fpedator is agreeably furprifed when 
he perceives a regular wall gradually arifing and filling; 
^p the chafm. While the labourers are thus employed^ 

almod 
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almofl all the fokiiers remain within, except here anJ 
ther« one, who faunterj about among fix hundred or u 
thoufHnd labourers, but never touches the uiortHr. One 
fol4ier, however, always takes his llation dole to tiie 
ftFall that th^ labourers are builJing* This foldier turns 
himfelf leifprely on all fides, and, at intervals of a mi- 
liute or two, railes his head, beats upon the building with 
hi3 forceps, and makes the vibrating noife formerly men- 
tioned. A loud hifs inftantly ifliies from the infidc of 
fhje dome and all the fubterraneous cavcrn!> and paflages. 
That ihi* hifs proceeds from th^ labourers apparent ; 
for, at every fignal of this kind, they work with redoub- 
led quicknef* and alacrity. A renewal of the attack, 
however, inftantly changes tlie fcene. * On the firll 
f ftroke,' Mr. Smeathman remarks, ^ the labourers run 

* into the many pipes and galleries with which the build- 

* ing U perforated, which they do fo quickjy, that they 
^ feem to vanilh ; for in a few feconds all are gone, and 
f- the foldiers rufh out as numerous and as vindidive as 

* before. On finding no enemy, they return again leifurely 
< into ihe hill, and, very foon after, the labourers appear 

* loaded as at firll, as adivc, and as fedulous, with fol- 

* diers here and there among them, who a<2: jult in the 

* fame manner, one or other of them giving the fignal 
' to haflen the bufinefs. Thus the pleafure of feeing them 
' come out to fight or to work, alternately, may be ob- 
' tained as often as curiofity excites, or time permits ; 

* and it will certainly be found, that the one order never 
' attempts to fight, or the other to work, let the euier- 
' gency be ever fo great.' 

It is exceedingly diflicult to explore the interior parts 
of a neft or hill. The apartments which furround the 
foyal chamber and the nurferies, and indeed the whole 
fabriek, have fuch a dependence on each other, that the 
breaking of one arch generally pulls down two or three. 
There is another great obllaclc to our refearches, namely, 
Xht obftinacy of the foldiers, who, fays our author, ' fight 

* to the very laft, difputing every inch of ground fo well 

* as often to drive away the Negroes who are without 
' ihoes, and make white people bleed plentifully through 

* their 
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* their ftockings. Neither can we let a building (land fo 
' as to get a -view of the interior parts without interrup- 

* tion ; for, while the foldiers are defending the outworks, 
' the labourers keep barricading all the way againft us, 
' (topping up the different galleries and pafTages which 
' lead to the various apartments, particularly the royal 
' chamber, all the entrances to which they fill up fo art- 
' fully as not to let it be diftinguifhclble while it remains 
' moift ; and, externally, it has no other appearance than 
' that of a fliapelefs lump of clay. It is, however, eafily 
' found from its fituatiott with refpedl to the other part^ 
' of the building, and by the crowds of labourers and 
' foldiers which furround it, who Ihow their loyalty an4 
' fidelity by dying Under its walls. The royal chamber, 
' in a large neft, is capacious enough to hold many hun-i 
' dreds of the attendants, befides the royal paif ; and you 

* always find it as full of them as it can hold. ThefB 
' faithful fubjefts never abandon their charge even in the 

* laft diftrefs ; for, whenever I took out the royal Cham* 

* ber, and as I often did, preferved it in Jl large glaft 
' bowl, all the attendants continued running in one di- 
' redion round the king and queen with the utnloft fo- 
' licitude, fome of them flopping at the head of the latter^ 

* as if to give her fomething. When they came to the 

* extremity of the dbdomen, they took the eggs from her, 

* and carried them away, and piled them carefully togethef 
' in fome part of the chamber, or in the bowl under, or 
' behind any pieces of broken clay which lay niofl con- 
' venient for the purpofe.' 

In this chapter, I havef given a fuccinfl view of the fa- 
gacity, dexterity, and architeftonic powers, exhibited ill 
the conflrudion of habitations by the different clafTes of 
animals. But 1 am not without apprehenfions, that, in 
my endeavours to avoid prolixity, I may have, in fome 
inflances, degenerated into obfcurity. Enough, however, 
I hoj>e, has been faid, either for the purpofes of admira- 
tion or of reafoning; and, therefore, I ftiall not antici- 
pate the reflexions of my readers, but proceed to the next 
fubje^t. 
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CHAPTER XIV. 



0/ the Hojiilities of Animals. 

IN contemplating the fyftem of animation exhibited in 
this planet, the only one of which we have any ex- 
tenfive knowledge, the mind is flruck, and even confound- 
ed, with the general fcene of havock and devaluation 
which is perpetually, and every where, prelented to our 
view. There is not, perhaps, a fingle fpecies of anima- 
ted beings, whofe cxillencc depends not, more or lefs, 
upon the death and dellruftion of others. Every ani- 
mal, when not prematurely deprived of life by thole who 
are hollile to it, or by accident, enjoys a temporary ex- 
iftence, the duration of which is longer or fhorter ac- 
cording to its nature, and the rank it holds in the cre- 
ation ; and this exiltcnce univerfally terminates in death 
and diflblution. This is an eflablilhed law of Nature, to 
which every animal is obliged to fubmit. But this ne- 
celTary and univerlal deprivation of individual life, though 
great, is nothing when compared to the havock occafion- 
ed by another law, which impels animals to kill and de- 
vour different fpecies, and fomctimes their own. In the 
fyftem of Nature, death and diffolution feem to be indif- 
penfible for the fupport and continuation of animal life. 

But, though almoft every animal, in fome meafure, 
depends for its exiftence on the dellrudion of others, 
there are fome fpecies in all the different tribes or claffes, 
which are diftinguifhed by the appellation of carnivorous^ 
or rapacious, becaufe they live chiefly, or entirely, on ani- 
mal food. In the profecution of this fubjed, therefore, 
we Dull, in the Jirji place, mention fome examples of 
animal hoftility and rapacity ; and, in the next place, en- 
deavour to point out fuch advantages as refult from this 

apparently. 
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nppafently-cruel inftitution of Nature. On the laft brianch 
. of the fubjedt, however, the reader muft not expedt to 
have every difficulty removed, and every quefticn folved. 
Like all the other parts of the oeconomy of Nature, the 
neceffity, or even the feeming cruelty and injiiftice, of 
aMowing animals to prey upon one another, is a myftery 
which we can never be enabled completely to unravel. 
But we are not entirely without hopes of fliowing feveral 
important utilities which refult from this almofl univerfal 
fcene of animal devaftation. 

Of all rapacious animals, Man is the moft univerfal 
deftroyer. The deftrudion of carnivorous quadrupeds, 
birds, and infects, is, in general, limited to particular 
kinds. But the rapacity of man has hardly any limita- 
tion. His empire over the other animals which inhabit 
this globe is almoft univerfal. He accordingly emplo)'s 
his power, and fubdues or devours every fpecies. Of 
feme of the quadruped tribes, as the horfe, the dog, the 
cat, he makes domeftic (laves ; and though in this coun- 
try, none of thefe fpecies is ufed for food, he either ob- 
liges them to labour for him, or keeps them as fources 
of pleafure and amufement. From other quadrupeds, as 
the ox, the flieep, the goat, and the deer kind, he de- 
rives innumerable advantages. The ox kind in particu- 
lar, after receiving the emoluments of their labour and 
fertility, he rewards with death, and then feeds upon 
their carcafes. Many other fpecies, though not common- 
ly ufed as food, are daily malTacred in millions for the 
purpofes of commerce, luxury, and caprice. Myriads of 
quadrupeds are annually deftroyed for the fake of theirfurs, 
their hides, their tufks, their odoriferous fecretions, &c. 
; Over the feathered tribes the dominion of man is not 
lefs extenfive. There is not a fmgle fpecies in the nu- 
merous and diverfified clafs of birds, which he either 
does not, or may not, employ for the nourifliment of 
his body. By his fagacity and addrefs he has been ena- 
bled to domedicate many of the more prolific and delici* 
ous fpecies, as turkies, geefe, and the various kinds of 
poultry. Thefe he multiplies without end, and devours 
*t pleafure. 

U u Neither 



338 T H E P H I L O S O P H T 

Neither do the inhabitants of the waters efcape the nr- 
pacity of man. Rivers, lakes, and even the ocean itfclf, 
feel the power of his empire, and arc forced to fupply 
him with provifions. Neither air nor water can defend 
againfl the ingenuity, the art, and the deflru^ftlve induflry 
of the human fpecies. Man may be laid even to have 
domefticated fome fiflies. In artificial ponds, he feeds 
and rears carp, tench, perch, trout, and other fpecies, 
and with them occafionally furnifhes his table. 

It might have been expetbed, that infeds and reptiles, 
fome of which have a moft difgufting afpe^t, would not 
have excited the human appetite. But we learn from ex- 
perience, that, in every region of the earth, many infeds 
which inhabit both the earth and the waters, are efteem- 
ed as delicate articles of luxury. Kven the viper, though 
its venom be deleterious, cfcapes not the all-devouring 
j.iws of man. 

Thus man holds, and too often exercifes, a tyrannical 
dominion over almofl; the whole brute creation, not be- 
caufe he is the llrongcfl of all animals, but becaufe his 
intelled, though of a fimilar nature, is vaflly fuperior 
to that of the mofl fagacious of the lef^favoured tribes. 
He reigns over the other animals, becaufe, like them, he 
is not only endowed with fentiment, but becaufe the pow- 
ers of his mind are more extenfive. He overcomes force 
by ingenuity, and fwiftnefs by art and perfevcring induf- 
try. But the empire of man over the brute creation is 
not abfolute. Some fpecies elude his power by the rapi- 
dity of their flight, by the fwiftnefs of their courfe, by 
the obfcurity of their retreats, and by the element in 
which they live. Others efcape him by the minutenefs 
of their bodies ; and, inftead of acknowledging their fo- 
vereign, others boldly attack him with open hoftility. 
He is alfo infulted and injured by the flings of infefts, 
and by the poilonous bites of ferpents. In other refpe^ls, 
man's empire, though comparr.tively great, is very much 
limited. He has no influence on the univerfe, on the 
motions and affeftions of the heavenly bodies, or on the 
r«volutions of the globe which he inhabits. Neither has 
he a general dominion over animals, vegetables, or mi- 
*" ncraU. 
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nerals. His power reaches not fpecles, but is confined 
to individuals. Every order of being moves on in its 
courfe, perifhes, or is renewed, by the irrefiflible power 
of Nature. Even man himfelf, hurried along by the ge- 
neral torrent of time and of Nature, cannot prolong his 
e^fiftence. He is obliged to fubmit to the univerfal law ; 
and, like all other organized beings, he is born, grows 
to maturity, and dies. Though man has been enabled 
to fubdue the animal creation by the fuperior powers of 
his mind, his empire, like all other empires, could not 
be firmly eftablifhed previous to the inftitution of pretty 
numerous focieties. Almoft the whole of his power is 
derived from fociety. It matures his reafon, gives exer- 
tion to his genius, and unites his forces. Before the for- 
mation of large focieties, man was perhaps the mod: help- 
lefs and the lead formidable of all animals. Naked, and 
deflitute of arms, to him the earth was only an immenfe 
defart peopled with flrong and rapacious monfters, by 
whom he was often devoured. Even long after this pe- 
riod, hiftory informs us, that the firft heroes were de- 
ftroyers of wild beafls. But, after the human fpecies had 
multiplied, and fpread over the earth, and when, by 
means of iocietf and the arts, man was enabled to con- 
quer a confiderable part of the globe, he forced the wild 
beafts gradually to retire to the defarts. He cleared the 
earth of thofe gigantic animals who, perhaps, now no 
longer exift, but whofe enormous bones are ftill found in 
different regions, and are preferved in the cabinets of the 
curious. He reduced the numbers of the voracious and 
noxious fpecies. He oppofed the powers and the dexte- 
rity of one animal to thofe of another. Some he fubdued 
by addrefs, and others by force. In this manner he, in 
procefs of time^^^acquired to himfelf perfect fecurity, and 
eflablifhed an empire that has no other limits than inac- 
cefTible folitudes, burning fands, frozen mountains, or 
obfcure caverns, which are occupied as retreats by a few 
fpecies of ferocious animals. 

Next to man, the carnivorous quadrupeds are the moft 
numerous and the moft deftrudive. Different parts of 
Uie earth are infefled with lions, tigers, panthers, ounces, 

leopards, 
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leopards, jaj^unrs, couguars, lynxes, wild cats, dogs, jack- 
als, wolves, foxes, hyjenas, civets, genets, polecats, mar- 
tins, ferrets, ermines, gluttons, bats, ^c. Though all 
thefe, antl many other tribes of quadrupeds, live folely 
upon blood and carnage, yet fome of them, as the tiger, 
the volf, the hyicna, and many other inferior fpecits, 
are much more rapacious and defirui^tive than others. 
The lion, though furrounded with prey, kills no more 
than he is able to confume. But the tiger is grofsly fe- 
rocious, and cruel without neceflity. Though fatiated 
xvirh carnage, he perpetually thirits for blood. His reft- 
lefs fury has no intervals, except when he is obliged to 
lie in ambufli for prey at the fides of lakes or rivers, to 
which other animals relort for drink. He feizes and tears 
in pieces a frefh animal with equal rage as he exerted in 
devouring the firft. He dcfolates every country that he in- 
habits, and dreads neither the afped nor the arms of man. 
He facrifices whole Hocks of domcftic animals, and all 
the wild beads which come within flie reach of his ter- 
rible claws. He attacks the young of the elephant and 
rhinoceros, and fometimes even ventures to brave the li- 
on. His predominant inftiucl is a perpetual rage, a blind 
and undiflinguifliing ferocity, which oft*en impel him to 
devour his own young, and to tear their mother in pieces 
when fhe atremjiis to defend them. He delights in blood, 
and gluts himlelf with it till he is intoxicated. He tears 
the body for no other purpofe than to plunge his head 
into it, and to drink large draughts of blood, the fources 
of which are generally exhaufted before his thirft is ap- 
peafed. The tiger is perhaps the only animal whofe fe- 
rocity is unconquerable. Neither violence, reflraint, nor 
bribery, have any eifect in foftening his temper. With 
harlh or gentle treatment he is equally irritated. The 
mild and conciliating influence of fociety makes no im- 
prefTion on the obduracy and incorrigiblenefs of his dif- 
pofition. Time, inftead of foftening the ferocioufnefs 
of his nature, only exafperates hi^ rage. He tears, with 
equal wrath, the hand which feeds him, as that which 
is raifed to ftrike him. He roars and grins at the fight 
of every living being. Every animated objeft he regards 

as 
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as a frefii prey, which he devours before hand with the 
avidity of his eyes, menaces it with frightful groans, and 
often fprlngs at it, without regarding his chains, which 
only reftrain, but cannot calm his fury. 

In temperate climates, the wolf feems to exceed all 
other animals in the ferocity and rapacioufnefs of his dif- 
pofition. When preffed with hunger, he braves every 
danger. He attacks all thofe animals which are under 
the protection of man, efpecially fuch as he can carry 
off with eafe, as lambs, kids, and the fmaller kinds of 
dogs. When fuccefsful in his expeditions, he returns 
often to the charge, till, after being chaced and wounded 
by men_and dogs, he retires, during the day, to his den. 
In the night he again iffues forth, traverfes the country, 
roams round the cottages, kills all the animals that have 
been left without, digs the earth under the doors, enters 
with a terrible ferocity, and puts every living creature to 
death, before he choofes to depart, and carry off his prey. 
When thefe inroads happen to be fruitlefs, he returns to 
the woods, fearches about with avidity, follows the track 
and the fcent of wild beafls, and purfues them till they 
fall a prey to his rapacity. In a word, when his hunger 
is extreme, he lofes all idea of fear, attacks women and 
children, and fometimes men ; at laft he becomes per- 
fe£lly furious by exceffive exertions, and generally falls a 
facrifice to pure rage and diftradion. Wh^n feveral 
wolves appear together, it is not an aifociation of peace, 
but of war. It is attended with tumult and dreadful 
growlings, and indicates an attack upon fome of the lar- 
ger animals, as a flag, an ox, or a formidable maftifF. 
This depredatory expedition is no fooner ended than they 
feparate, and every individual returns in filence to his fo- 
litude. Wolves are fond of human flefh. They have 
been known to follow armies, to come in troops to the 
field of battle, where bodies are carelefsly interred, to 
tear them up, and to devour them with an infatiable avi- 
dity : And, when once accuflomed to human flefli, thefc 
wolves ever after attack men, prefer the fhepherd to the 
flock, devour women, and carry off children. Whole 
countries are fometimes obliged to arm, in order to de- 
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ftroy the wolves. It is a fortunate circunillancc that thcfc 
dangerous and deflrudive animals have been long totally 
extirpated from Great-Britain and her iflajids. 

Neither are the feathered tribes exempted trom the ge- 
neral law of devallation. But the number of birds of 
prey, properly fo called, is much lefs in proportion than 
that of carnivorous quadrupeds. Birds of prey are like- 
wife weaker ; and, of courfe, the dellrudion of animal 
life they occafion is much more limited than the immenfe 
devaftations daily committed by rapacious quadrupeds. 
But, as if tyranny never loft fight of its rights, great 
numbers of birds make prodigious depredations upon the 
inhabitants of the waters. A vail tribe of birds frequent 
the waters, and live folely upon fifhes. In a certain fenfe, 
every fpecies of bird may be faid to be a bird of prey ; 
for almofl the whole of them devour flies, worms, and 
other infects, either for food to themfelves or their young. 
Birds of prey, like carnivorous quadrupeds, are not fo 
prolific as the milder and more inotfenfive kinds. Mofl of 
them lay only a fmall number of eggs. The great eagle 
and the ofprey produce only two eggs in a feafon. The 
pigeon, it may be faid, lays no more. But it fliould be 
confidcrcd, that the pigeon produces two eggs three, four, 
or five times, from fpring to autumn. All birds of prey 
exhibit an obduracy and a fcrocioufncfs of difpofition, 
while the other kinds are mild, chearful, and gentle, in 
their afpecl and manners. Mod birds of prey expel 
their ofl'spring from the neft:, and relinquifh them to their 
fate, before they are fufficiently able to provide for them- 
felves. This cruelty is the effed of perfonal want in the 
mother. When prey is fcanty, which often happens, fhe 
in a manner ftarves herfelf to fupport her young. But, 
when her hunger becomes exceflive, fhe forgets her pa- 
rental aft'eclion, flrikes, expels, and fometimes, in a pa- 
roxyfm of fury produced by want, kills her offspring. 
An averfion to fociety is another effed of this natural and 
acquired obduracy of temper. Birds of prey, as well as 
carnivorous quadrupeds, never affociate. Like robbers, 
they lead a folitary and wandering life. Mutual attach- 
ment unites the male and the female j and, as they are 

both 
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both capable of providing for themfelves, and can give 
mutual affiftance in making war againft other animals, 
they never feparate, even after the feafon of love. The 
fame pair are uniformly found in the fame place ; but 
they never alTemble in flocks, nor even affociate in fami- 
lies. The larger kinds, as the eagles, require a greater 
quantity of food, and, for that reafon, never allow their 
own offspring, after they have become rivals, to approach 
the places which the parents frequent. But all thofe birds, 
and all thofe quadrupeds, which are nouriflied by the 
productions of the earth, live in families, are fond of fo- 
ciety, and affemble in numerous flocks, without quarrel- 
ling or difl;urbing one another. 

Both the earth and the air furnifli examples of rapaci- 
ous animals. In thefe elements, however, the number of 
carnivorous animals is comparatively fmall. But every 
inhabitant of the waters depends for its exiflence upon 
rapine and defl:rudion. The life of every fifh, from the 
fmalleft: to the greateft, is one continued fcene of hofl:i- 
lity, violence, and evafion. Their appetite for food is al- 
moft infatiable. It impels them to encounter every dan- 
ger. They are in continual motion ; and the objeft of all 
their movements is to devour other fiflaes, or to avoid 
their own defl:ru6i:ion. Their defire for food is fo keen 
and undiftinguifliing, that they greedily fwallow every 
thing Which has the appearance of animation. Thofe 
that have fmall mouths feed upon worms and the fpawn 
of other fiflies ; and thofe whofe mouths are larger de- 
vour every animal, their own fpecies not excepted, that 
can pafs through their gullet. To avoid defl:ru6tion, the 
fmaller fry retire to the fliallows, where the larger kinds 
are unable to purfue them. But, in the watery element, 
no fituation is abfolutely fafe ; for, even in the (hallows, 
the oyfter, the fcallop, and the mufcle, lie in ambulh at 
the bottom, with their (hells open, and, when a fmall fifti 
comes into contaft with them, they inft:antly clofe their 
fhells upon him, and devour at leifure their imprifoned 
prey. Neither is the hunting or purfuit of fiflies confin- 
A «d to particular regions. Shoals of one fpecies follow, 
with unwearied ardour, thofe of another through vail 
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tracts of the ocean. The cod purfues the whiting from 
the banks of Newfoundland to the fouthern coalls of 
Spain. 

It is a remarkable circumftance in the hiflory of ani- 
mated Nature, that carnivorous birds and quadrupeds are 
lefs prolitic than the inoffenfive and ailociating kinds ; 
but, on the contrary, that the inhabitants of the waters, 
who are all carnivorous, are endowed with a mofl afto- 
nifhing fecundity. All kinds of lilhes, a few only except- 
ed, are oviparous. Notwithllanding the amazing deftruc- 
tion of their eggs by the fmaller fry that frequent the 
(hores, by aquatic birds, and by the larger fifhes, the 
numbers which efcape are fufficient to fupply the ocean 
■with inhabitants, and to aflbrd nourilhment to a very 
great portion of the human race. A cod, for inftance, 
according to the accurate computation of Lewenhoeck, 
produces, from one roe, above nine millions of eggs in. 
a fmgle feafon. The flounder lays annually above one 
million, and the mackarel more than five hundred thou- 
fand : An increafe fo great, if permitted to arrive at ma- 
turity, that the ocean itfelf, in a few centuries, would not 
be fpacious enough to contain its animated produdions. 
This wonderful fertility anfwers two valuable purpoles. 
In the midft of numberlefs enemies it continues the ref- 
peciive fpecies, and furnilhes to all a proper quantity of 
nourifhment. 

We have thus feen that man, fome quadrupeds, fome 
birds, and all fifhes, are carnivorous animals. But this 
fyftem of carnage defcends ftill lower. Many of the infc^ 
tribes derive their nourifliment from putrid carcafes, from 
the bodies of living animals, or from killing and devour- 
ing weaker fpecies. How many flies are daily facrificed 
by fpiders, a moft voracious and a mofl numerous tribe 
of infects ? In return, fpiders are greedily devoured by 
flies which are diftinguifhed by the name of ichneumons^ 
The number of thefe ichneumon flies is inconceivable ; 
and, if it were not for the prodigious havock they make 
upon caterpillars and other infects, the fruits of the earth 
would be entirely deftroyed. Wafps arc extremely fond 
of animal food. They frequent butchers Italls, and beat 
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off the flefh-fly, and every other infeft that reforts thither 
for the purpofe of depofiting its eggs in the meat. Butch- 
ers take the advantage of this jealous warfare. They en- 
courage the wafps, and make centinels of them, by giving 
them livers, which they prefer to more fibrous flefh, pro- 
bably becaufe they can cut livers more eafily with their 
teeth. 

The libella, dragon, or lady-fly, is well known by the 
beauty of its colours and the lymmetry of its form. For 
thefe external qualities it has received the appellation of 
lady-Jiy. Its difpofitions and its mode of life, however, 
are more ferocious and warlike than thofe of the Ama- 
zones. Like birds of prey, they hover about in the air, 
for the fole purpofe of devouring almoft; every fpecies 
of winged infeft. They, accordingly, frequent marfhy 
grounds, pools of water, and the margins of rivers, where 
infedls mod abound. Their appetite is fo grofs and vora- 
cious, that they not only devour fmall flies, but even the 
large flefti-fly, moths, and butterflies, of every kind. 

It has been often faid, that no animal fpontaneoufly 
feeds upon its own fpecies. This remark has probably 
been intended as an apology for, or at leafl a limitation 
to, the general fyftem of carnage efl:abliflied by Nature. 
But, the obfervation, whatever might have been its in- 
tention, is unhappily a refult of ignorance ; for fome 
quadrupeds, all fifhes, and many infeds, make no fuch 
difcrimination. The weaker are uniformly preyed upon 
by the flronger. Reaumur put twenty of thofe caterpil- 
lars which feed upon the leaves of the oak into a vial. 
Though he regularly fupplied them with plenty of frefh 
oak leaves, he obferved that the number of dead ones 
daily increafed. Upon a more attentive examination into 
the caufe of this mortality, he found, that the ftronger 
attacked with their teeth, killed, fucked out the vitals of 
their weaker companions, and left nothing but the head, 
feet, and empty (kins. In a few days, one only of the 
twenty remained in life. 

Caterpillars have myriads of external enemies, as birds 
of almoll every kind, many of the fmaller quadrupeds, 
their own fpecies, and numberlefs infects. But this vaft 
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fource of devaflation is ftill augmented by what may be de- 
nominated their internal enemies. Many flies dcpofit their 
eggs in the bodies of caterpillars. From thefe eggs proceed 
fmall maggots, \vhich gradually devour the vitals of the a- 
nimal in which they rclide. When about to be transform- 
ed into chryfalids, they pierce the ikin of the caterpillar, 
fpin their pods, and remain on the empty (kin till they 
aflume the form of flies, and efcape into the air to per- 
form the fame cruel ofiice to another unfortunate reptile. 
Every perfon mufl: recoiled to have feen the colcwort or 
cabbage caterpillar fluck upon old walls, or the windows 
of country cottages, totally covered with thefe chryfalids, 
which have the form of fmall maggots, and are of a fine 
yellow colour. One of the mofl formidable enemies of 
the caterpillar is a black worm, with fix crullaceous legs. 
It is as long, and thicker than an ordinary fized cater- 
pillar. In the fore part of the head it has two curved 
pincers, with which it quickly pierces the belly of a ca- 
terpillar, and never quits the prey till it is entirely de- 
voured. The largeft caterpillar is not fufficient to nourifli 
this worm for a fingle day ; for it daily kills and eats fe- 
veral of them. Thefe gluttonous worms, when gorged 
with food, become inadlive, and almoft motionlcfs. When 
in this fatiated condition, young worms of the fame fpc- 
cies attack and devour them. Of all trees, the oak, 
perhaps, noufilhes the greatefl number of different cater- 
pillars, as well as of different infedls. Amongfl others, 
the oak is inhabited by a large and beautiful beetle. 
This beetle frequents the oak, probably becaufe that tree 
is inhabited by the greateft number of caterpillars. It 
marches from branch to branch, and, when difpofed for 
food, attacks and devours the firll caterpillar that comes 
in its way. 

The pucerons, vine-fretters, or plant-lice, are very in- 
jurious to trees and vegetables of almoft every kind. 
Their fpecies are fo numerous, and all of them arc en- 
dowed with fuch a wonderful fertility, that we fhould 
expe£t to fee the leaves, the branches, and the ftems of 
every plant totally covered with them. But this aftonifh- 
ing fecundity, and the devaftation thefe fmall infeds would 
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unavoidably produce among the vegetable tribes, is check- 
ed by numberlefs enemies. Myriads of infefts of different 
claffes, of different genera, and of different fpecies, feem 
to be produced for no other purpofe but to devour the 
pucerons. Some of thefe infects are fo voracious, that, 
notwithflanding the extreme prolific powers of the puce- 
rons, we have reafon to be furprifed that their fpecies are 
not entirely annihilated. On every leaf inhabited by the 
puceron we find worms of different kinds. Thefe worms 
feed not upon the leaves, but upon the pucerons, whoni 
they devour with an almofl; incredible rapacity. Some 
of thefe worms are transformed into flies with two wings, 
others into flies with four wings, and others into beetles. 
"While in the worm-ftate, one of thefe gluttonous infefts 
will fuck out the vitals of twenty pucerons in a quarter 
of an hour. Reaumur fupplied a fingle worm with more 
than a hundred pucerons, every one of which it devoured 
in lefs than three hours. 

Befide the general fyftem of carnage produced by the 
neceffity of one animal's feeding upon another, there are 
other fources of deflrudtion, which originate from very 
different motives. Man is not the only animal who wages 
war with his own fpecies. War among mankind, in cer- 
tain accidental fituations of fociety, may be productive, 
to particular nations or communities, of beneficial effects. 
But every advantage derived by war to one nation is ac- 
quired at the expence, and either the partial or the total 
ruin, of another. If univerfal peace could be completely 
eftabliihed, and if the earth were cultivated to the higheft 
perfection, it is not probable that the multiplication of 
the human fpecies would ever rife to fuch a degree as to 
exceed the quantity of provifions produced by agriculture, 
and by the breeding of domeflic animals, neceffary for 
their exiftence and happinefs. But, as long as men are 
actuated by ambition, by refentment, and by many 
other hoftile paffions, war and animofity, with all their 
train of bloodfhed and calamity, will forever continue 
to harrafs and perfecute the human kind. Let us, how- 
ever, be humble. We cannot unfold the myfteries of 
Nature ; but we may admire her operations, and fubmit, 
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with a becominj; refignation, to her irrefiflible decrees. 
The man, if fuch a man there be, whole llrength of mind 
enables him to obferve ftcdfalUy this contlud, is the 
only real philofopher. 

As formerly remarked, man is not the only anima! that 
makes war with his own fpecies. Quadrupeds, birds, 
fUhes, infers, independently of their appetite for food, 
occafionally fight and kill each other. On this fubjedl 
we lhall confine ourfelves to a few examples derived from 
the infed tribes. 

A fociety or hive of bees confifts of a female, of males, 
and of drones, or neuters. Theie three kinds continue, 
for feme time, in the moft perfect harmony, and mutu- 
ally protect and aflifl each other. The neuters, or work- 
ing bees, difcover the flrongefl; attachment and afleclion, 
to the males, even when in their worm ftate. The neu- 
ters arc armed with a deadly fting, of which the males 
ure deftitute. Both are equally produced by the fame 
mother, and live in the fame family. But, notwithftand- 
ing their temporary affedion, there arc times when the 
neuters cruelly maffacre the males. Among the laws of 
polilhed republics, we find fome which are extremely 
bar'^arous. The Lacedemonians were allowed to kill 
fuch of their children as were produced in a defedivc or 
maimed (late, becaufe they would become a burden upon 
the community. The laws of the Chinefe permit adions 
equally inhuman. We perhaps know not all the reafons 
why the neuter bees treatTlie males with fo much cruelty. 
There is a time, however, vhen the males become per- 
fedly ufelefs to the (:>>)nmunity; and it is not incurious 
to remark, that the general maffacre never commences 
till this period arrives. Whenever a ftranger-bee enters 
a hive, his temerity is uniformly punifhed with death. 
But mortal comb-jts are not unfrequent between bees be- 
longing to the fame hive. Thefe combats are moft fre- 
quent in clear and warm weather, bometimes two com- 
b;itants come out of the hive clofely faftened to each 
r • . At other times the attack is made in the air. But, 
i'jver way the battle begins, both combatants uni- 
s.ome to the ground before it is terminated by the 
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death of one of the parties. When they reach the 
ground, each individual, like a wreftler, endeavours to 
gain the mofl: advantageous pofition for flinging his ad- 
verfary to death. Sometimes, though rarely, the fling 
is left in the wound. If this were generally the cafe, 
every combat would prove fatal to two bees ; for the 
vidlor could not long furvive the lofs of his fling. Thefe 
battles fometimes continue near an hour before one of 
the flies is left expiring on the ground. 
- Befide thefe fmgle combats, general adlions are not un- 
frequent, efpecially in the fwarming feafon. When two 
fwarms, or colonies, happen to contend for the fame ha- 
bitation, a general and bloody engagement immediately 
enibes. Thefe engagements often continue for hours, 
and never terminate without great havock on both fides. 
The lling U not the only weapon employed in war by 
" bees. They are furnilhed with two ftrong fangs or teeth, 
with which they cruelly tear each other. Even in gene- 
ral engagements, all the combats are fmgle. But, when 
the great (laughter of the males is committing, three or 
four neuters are not afhamed to attack a fmgle fly. 

Every wafp's neft, about the beginning of October, 
exhibits a fmgular and a cruel fcene. At this feafon, 
the wafps ceafe to bring nourifhment to their young. 
From affedlionate mothers or nurfes, they at once become 
barbarous flepmothers. They are worfe ; for they drag 
the young worms from their cells, and carry them out 
of the neft. Being thus expofed to the weather, and 
deprived of nourifliment, every one of them unavoidably 
periflies. This devaftation is not, like that of the honey- 
bees, confined to the male-worms. Here no worm, of 
whatever denomination or fex, efcapes the general and 
undiftinguiflied maflacre. Befide expofing the worms to 
the weather, the wafps kill them with their fangs. This 
faft feems to be a violation of parental affedion, one of 
the ftrongeft principles in animal nature. But the inten- 
tions of Nature, though they may often elude our re- 
fearches, are never wrong. What appears to us cruel 
and unnatural in this inftinftive devaftation committed 
annually by the wafps, is perhaps an a6t of the greateft 
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mercy and compaflion. Wafps are not, like the honey- 
bees, endowed with the inllincl of laying up a florc of 
prqvifions for winter fubfiltence. If not prematurely de- 
Itroyed bv their parents, the young mufl neccfl'arily die 
a more cruel and lingering death, occafioned by hunger. 
Hence this feeininglv-harlh conduct in the oeconomy of 
wafps, inftead of affording an exception to the univerfal 
benevolence and wifdora of Nature, is, in reality, a mer- 
ciful inflitution. Befides, as the multiplication of walps 
is prodigious, and as they are a noxious race both t£> 
man and other animals, and efpecially to many tribes of 
infeds, if their increafe were not checked by luch a 
dreadful carnage, their depredations, in a few years, 
would annihilate other fpecies, break the chain of Na- 
ture, and even prove deltrucHve to man and the larger 
animals. . 

The fame inflindive ilaughter, and probably for the 
fame reafons, is made by the hornets. Towards the end 
of October, all the worms and nymphs are dragged out 
of the neft and killed. The neuters and males fall daily 
victims to the cold ; fo that, at the end of winter, a few 
fertile females only remain to continue the fpecies. 

According to the adopted plan, we Hiall fmifh this fub- 
je<5l with fome obfervations which may have a tendency 
to reconcile our minds to a fyftem fo dedructive to indi- 
viduals of every fpecies, that humanity, when not en- 
lightened by a ray of philofophy, is apt to revolt, and to 
brand Nature with cruelty and oppreflion. Nature, it 
muft be confefled, feems almolt indifferent to individuals, 
who perifh every moment in millions, without any appa- 
rent compunction. But, with regard to fpecies of every 
description , her uniform and uninterrupted attention to 
the prefervation and continuation of the great fyffem of 
animation is confpicuous, and merits admiration. Life, 
it ffiould appear, cannot be fupported without the inter- 
vention of death. Through almofl the whole of animat- 
ed Nature, as we have feen, nothing but rapine, and the 
deftruction of individuals, prevail. This dedrudlion, 
however, has its ufe. Every animal, after death, admini- 
fters life and happinefs to a number of others. In many 
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animals, the powers of digeftion, and of affimilation, are 
confined to animal fubftances alone. If deprived of ani- 
mal food, fuch fpecies, it is evident, could not exift. The 
chief force of this obfervation, it is admitted, is applica- 
ble folely to the carnivorous tribes, ftriclly fo denominat- 
ed. But, from the fads formerly enumerated, and from 
the daily experience of every man, it is apparent, that, 
perhaps, no animal does or can exift totally independent 
of food that is or has been animated. Sheep, oxen, and 
all herbivorous animals, though not from choice, and even 
without confcioufnefs, daily devour thoufands of infefts. 
This may be one reafon why cattle of all kinds fatten fo 
renlarkably in rich paftures ; for infeOis are always moll 
numerous where the herbage is luxuriant. Nature is fo 
profufe in her animated productions, that no. food can 
be eat, and no fluid can be drunk, in which animal fub- 
ftances, either in a living or dead ftate, are not to be 
found. 

To this reafoning it may be objeQed, Why has Nature 
eftablifhed a fyftem fo cruel ? Why did Ihe render it ne- 
cefTary that one animal could not live without the de- 
ftrudion of another ? To fuch queftions no anfwer can 
be either given or expected. No being, except the Su- 
preme, can unfold this myftery. Perhaps it even exceeds 
the limits of pofTibility to eftablifli fuch an extended fyf- 
tem of animation upon any other foundation. From the 
general benevolence of the great Creator, we are war- 
ranted to conclude that this is really the cafe. But it is 
fruitlefs to dwell upon fubjedls which are infcrutable, and 
far removed beyond the powers of human intelleft. We 
fhall therefore defcend, and endeavour ro point out fome 
advantages which refult from this myfterious inftitution 
of Nature. 

On this branch of the fubjeft, the reader will eafily 
perceive that much order or connection is not to be cx- 
pefted. 

The hoftilities of animals, mankind not excepted, give 
rife to mutual improvement. Animals improve, and dii- 
cover a fuperiority of parts, in proportion to the number 
of enemies they have to attack or evade. The weak, and 
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confequently timid, are obliged to exert their utmoft 
powers in inveniing and practiling everv poHiblc mode of 
efcape. Pure inliind powerlully promptis ' " nucli is 
learned by experience and oblervati(Mi. i is ani- 

mals, on the contrary, bv frequcni I'lfappoK are 
obliged to provide againft the cuniiiag and a. . s of 
their prey. Herbivorous animals, as tht y have little dif» 
ficiilty in procuring food, are proporiioually llupid ; 
but they would be Itill more llupid, ii they had no 
enemies to annoy them. Man, iF his attention and tar 
lents were not excited by the animofities ol his own Ipe- 
cies, by the attacks of ferocious animals, and even by 
thofe of the inlcct tribes, would be an indolent, an in- 
curious, a dirty, and an ignorant animal. Thofe of the 
human race, accordingly, who procure their food with lit- 
tle or no indnftry, as we learn from a multitude of travel- 
lers and voyagers, are perfedly indolent and brutiflily llu- 
pid. Timid animals never ufc the arts ot defence, or 
provide againft danger, except from three caufes, pure 
inftincl, which is implanted in their natures, imitation, 
and experience. By experience, timid animals are taught 
the arts of evafion. Flight is inftindive ; but the modi- 
fications of it are acquired by imitation and experience. 

Hollilities, in fome inflances, fcem to arifc, not from 
a natural antipathy of one fpecies to another, but from a 
fcarcity of food. The celebrated Captain Cooke informs 
us, that, in Staten-Ifland, birds of prey alVemble promif- 
cuoufly with penguins and other birds, without the one 
offering any injury, or the other difcovering the fmallefl 
fymptom of terror. In that illand, the rapacious birds, 
perhaps, find plenty of food from dead feals, fea-lions, 
and fifties. 

A profufion of animal life feems to be the general in- 
tention of Nature. For this purpofe, when not modified 
or reilrained by the indullry and intelligence of man, fhe 
uniformly covers the furface of the earth with trees and ve- 
getables of every kind, which fupply myriads of animated 
beings with food. But the greatefL pollible extenlion of 
life would flill be wanting, if animals did not prey upon 
each other. If all animals were to live upon vegetable* 
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alone, many fpecies, and millions of individuals, which 
now enjoy life and happinefs, could have no exiftence ; 
for the productions of the earth would not be fufficient 
to fupport them. But, by making animals feed upon 
each other, the fyftem of animation and of happinefs is 
extended to the greateft poffible degree. In this view. 
Nature, inftead of being cruel and opprefiive, is highly 
generous and beneficent. 

To diminifli the number of noxious animals, and to 
augment that of ufeful vegetables, has been the uniform 
fcope of human induftry. A few fpecies of animals on- 
ly are of immediate utility to man. Thefe he either cul- 
tivates with care, or hunts for his prey. The ox, the 
iheep, the goat, and other animals which are under his 
peculiar protection, he daily ufes for food. This is not 
cruelty. He has a right to eat them : For, like Nature, 
though he occalionally deftroys domeflic animals, a timid 
and docile race of beings, by his culture and protection 
he gives life and happinefs to millions, which, without 
his aid, could have no exiitence. The number of indi- 
viduals, among animals of this defcription, if they were 
not cherilhed and defended by man, would be extremely 
limited ; for, by the mildnefs of their difpofitions, the 
comparative weaknefs of their arms, and the univerfal 
and Itrong appetite for them by rapacious quadrupeds 
and birds of prey, though the fpecies might, perhaps, be 
continued, the number of individuals would, of neccf- 
fity, be very fmall. 

There is a wonderful balance in the fyftem of animal 
deftruCtion. If the general profufion of the animated 
productions of Nature had no other check than the va- 
rious periods to which their lives, when not extinguifhed 
by hoftilities of one kind or another, are limited, the 
whole would foon be annihilated by an univerfal famine, 
and the earth, inftead of every where teeming with ani- 
mals, would, unlefs repeopled by a new creation, ex- 
hibit nothing but a mute, a lifelefs, and an inaCtive fcene. 
If even a fmgle fpecies were permitted to multiply v/ith- 
out difturbance, the food of other fpecies would be ex- 
Jiaufted, and, of courfe, a period would be put to their 
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exiftence. The herbivorous and frup^ivorous races, if* 
not reftraincd by the carnivorous, would loon increafe 
to a hurtful degree. Carnivorous animals are the bar- 
riers fixed by Nature to noxious inundations ot other 
kinds. 'I he carnivorous tribes may be compared to the 
hoe and the pruning hook, which, by diminifliing the 
number of plants when too clofe, or lopping off their lux- 
uriaucies, make the others grow to greater perfedion. 
To thofe fwarms of infeds which cover the furface of 
the earth, are oppofed an army of birds, an adive, a 
vigilant, and a voracious race. Hares, rabbits, mice, 
rats, are expofed to the depredations of carnivorous qua- 
drupeds and birds. The larger cattle, as the ox, the deer, 
the fhecp, &c. are not exempted from enemies : And 
man, by the fuperioriiy of his mental powers, checks 
the multiplication of the carnivorous tribes, and main- 
tains the balance and empire of the animal fydem. 'J'hofe 
fpecies which are endowed with uncommon fertility have 
the greatefl number of enemies. The caterpillar, the puce- 
ron, and infects in general, one of the moll prolific tribes of 
animals, are attacked and devoured by numerous hoftilc 
bands. No fpecies, however, is ever exhaufted. The ba- 
lance between gain and lofs is perpetually preferved. The 
earth, the feas, *lie atmofphere, may be confidered as an 
immenfe and variegated pafture. In this view, it is mofl: 
judicioufly cultivated and flocked by the numerous ani- 
mated beings which it is deflined to fupport. Every 
animal and every vegetable furnifh fubfiflence to particular 
fpecies. Thus, nothing of value is loft ; and every fpecies 
is abundantly fupplied with food. 

That the general balance of animation is conftantly 
preferved, we learn from daily experience. The reader, 
however, I prefume, will not be difpleafed to have fome 
examples of the modes employed by Nature to accomplifh 
this effect fuggefted to him. 

After an inundation of the Nile, the lower parts of 
Egypt are greatly infefted with ferpents, frogs, mice, 
and Other vermin. At that period, the ftorks refort 
thither in immenfe multitudes, and devour the fer- 
pents, frogs, and mice, which, without this dreadful car* 
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nage, would be highly noxious to the inhabitants. Be- 
lon, a nioft ingenious and faithful French Naturalift, re- 
marks, that, in many places, the land could not be inha- 
bited, if the ftorks did not deftroy the amazing numbers 
of mice which frequently appear in Paleftine, and other 
parts of the Eaft bordering upon Egypt. The Egyptian 
vulture, fays Haflelquilf, is of fmgular benefit to that 
country. It eats up all the dung and offals in the towns, 
and the carcafes of camels, horfes, affes, &c. in the fields, 
which, if not quickly devoured, would, in that warm 
climate, by their putrefcency, be produdive of difeafe 
and death to the inhabitants. Putrid carcafes, in all coun- 
tries, are both offenfive to the noftrils anil hurtful to 
health. But Nature, by various inftruments, foon re- 
moves the evil. An animal no fooner dies, than, in a 
very Ihort time, he is confumed by bears, wolves, foxes,, 
dogs, and ravens. In fituations where thefe aninials dare 
not approach, as in the vicinity of towns and villages, a 
dead horfe, in a few days, is devoured by myriads of 
maggots. In the uncultivated parts of America, ferpents 
and fnakes of different kinds abound. After it was dif- 
covered that fwine greedily devoured ferpents, hogs were 
uniformly kept by all new fettlers. Caterpillars are de- 
llruftive to the leaves and fruits of plapts. Their num- 
bers and varieties are immenfe. But their devaftations 
are checked by many enemies. Without a profufion of 
caterpillars, mod of the fmaller birds, efpecially when 
young, could not be fupported. By devouring the ca- 
terpillars, thefe birds preferve the fruits of the earth from 
total deftrudion. Mr. Bradley, in his General Treatise 
of Huibandry and Gardening, has publiflied a letter, in 
which the author oppofes the common opinion, that birds, 
and particularly fparrows, do much milchief in our gar- 
dens and fields. The fact is admitted. But the great uti- 
lity of thefe birds is overlooked : For this author proves, 
that they are much more ufeful than noxious. He fliows, 
that a pair of fparrows, during the time they have their 
young to feed, deftroy, every week, 3360 caterpillars. 
This calculation he founded upon adual obfervation. He 
4ifcovered that the two parents carried to the neft 40 ca- 

terpillar? 
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terpiilars in an hour. He then fuppoles, which Is a mo- 
derate fuppofition, that the fparrows enter the nell only i a 
hours each dav, which is a dailv conlumption of 480 ca- 
terpillars. This fum, multiplied by 7, or the days in a 
week, gives 3360 caterpillars extirpated weekly from a gar*, 
den. The utility of thefe birds is not limited to this cir- 
Cumftance aionc ; for they likewife feed their young with 
butterflies, and oiher winged infefts, each of which, if not 
deltroved in this manner, would be the parent of feveral 
hundreds of caterpillars. Thofc butterflies and caterpillars 
which are covered with hair are rejected by fome birds, wh6 
prefer flies of a fmoothcr and fmallcr kind. But thefe hairy 
fpecies, it fhould be confidered, are the food of the worms 
which are transformed into thofe fmallcr ilies that afiord 
nourifliment to the birds which reject the hairy caterpillars 
and butterflies. 

Shell-fifties are extremely prolific, and fo ftrongly for- 
tified by Nature, that their increafe, one Ihould imagine, 
would foon augment to a degree that might be hurtful to 
other fpecies. ' Their noxious multiplication, however, 
is checked by numberlefs enemies. But their moft def- 
truCHve enemy is the trochus, which is a kind of fea- 
liiail. This animal is furniflied with a fl:rong, mufcular, 
hollow trunk, bordered at the extremity with a cartilage 
toothed like a faw. Againfl: this inftrument, which ads 
like an augre, no fliell, however hard or thick, is a fuf- 
ficient defence. Thefe animals, called trochi^ fix them- 
felves upon an oyfter or a mufcle, bore through the (hell 
with their trunk, and devour their prey at their leifure. 
The animal attacked, it a bivalve, may open or fliut its 
Ihell ; but no eflxDrts of this kind can be of any avail $ 
for the trochus remains immovcably fixed till it has com- 
pletely fucked out the vitals of its prey. In this cruel 
occupation the trochus often continues for days, and even 
weeks, before the life of the animal attacked is fully ex- 
tinguiftied. The operation of the trochus may be feen 
in the ftiells of many oyfters, mufcles, and other fhell- 
fifhes ; for their fliells are often pierced with a number 
of circular holes. 

Th« 
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The amazing ftrength of the whale, one fhould ima- 
gine, would fecure it from the infults of every other ani- 
mal. But, befide the annual depredations made by man 
upon the cetaceous tribes, they are often attacked and 
killed by the fword-filh. The fnout of this comparatively- 
fmall animal is armed with a long, hard, projedion of 
bone, each edge of which is furniftied with a number of 
ftrong, flat, and ftiarp points, or teeth, fome of which, 
efpecially near the fnout, are an inch and a half in length. 
With this inftrument the fword-fifh boldly attacks the 
whale. I have often had the pleafure, fays Pere Labat *, 
of feeing their combats. The whale has no other defence 
but its tail, with which it endeavours to ftrike its antago- 
liift. But, as the fword-filh is more adive and nimble 
than the whale, he eafily parries the blow by fpringing 
into the air, and renewing the attack with his faw-like 
inftrument. Whenever be fucceeds, the fea is dyed red 
with the blood iffuing from the wound. The fury of the 
whale appears from the vehemence with which it laftiej 
the waters, each ftroke refounding like the report of a 
cannon. 

Many fmall birds, and particularly the wren and the 
tit-moufe, may be feen, during the winter-feafon, pecking 
at the buds and branches of trees in our gardens. To 
thefe little animals Nature has entrufted the charge of pre- 
venting the noxious multiplication of thofe worms which 
feed upon fruits. Nature, as far as we are able to trace 
her operations, does nothing in vain, or without fome 
valuable intention. No animals exift which are not ufe- 
ful, either by affording nourifhment to, or preventing the 
hurtful increafe of, other fpecies. 

Upon the whole, every animated being that inhabits 
this globe feems to be deftined by Nature, not for its own 
individual exiftence and happinefs alone, but likewife for 
the exiftence and happinefs of other animated beings. A 
circle of animation and of deftrudion goes perpetually 
round. This is the oeconomy of Nature. Different fpe- 
cies of animals live by the mutual deftrudion of each 

other. 
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other. Even among individual men, the llrong too often 
opprefs the weak ; but, on the other hand, the wile in - 
ftrud the ignorant. Thefe are the bonds of focicty, and 
the fources of improvement. 



CHAPTER XV. 



Of the Artifices of Anintals, 

IT will be recollected, that many inftances of the dcx. 
terity and artifices employed by different animals in 
various parts of their manners and oeconomy, have been 
occafionally mentioned in feveral of the foregoing chap- 
ters. This circumftance, to avoid repetitions, will neccf- 
farily render the prefent chapter proportionally Ihort. 

The artifices pradifcd by animals proceed from feve- 
ral motives, many of which are purely inftindive, and 
others arc acquired by experience and imitation. Their 
arts, in general, are called forth and exerted by three 
great and important caufes, the love of life, the dcfire 
of multiplying and continuing the fpecies, and that ftrong 
attachment which every animal has to its offspring. Thefe 
are the fources from which all the movements, all the 
dexterity, and all the fagacity of animals originate. The 
principle of felf-prefervation is inftindive, and ftrongly 
impreffed upon the minds of all animated beings. It 
gives rife to innumerable arts of attack, and defence, and 
not unfrequently to furprifing exertions of fagacity and 
genius. The fame remark is applicable to the dcfire of 
multiplication, and to parental affedion. Upon this fub- 
jed we fhall, as ufual, give fome examples ot animal ar- 
tifice, which may both amufe and inform fome readers. 

When a bear, or other rapacious animal, attacks cattle, 
they inftantly join and form a phalanx for mutual defence. 
In the fame circumflances, horfes rank up in lines, and 

beat 
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beat ofF the enemy with their heels. Pontoppidan tells us, 
that the fmall Norwegian horfes, when attacked by bears, 
inftead of ftriking with their hind-legs, rear, and, by 
quick and repeated ftrokes with their fore-feet, either kill 
the enemy, or oblige him to retire. This curious, and 
generally fuccefsful defence, is frequently performed in 
the woods, while a traveller is fitting on the horfe's back. 
It has often been remarked, that troops of wild horfes^ 
when fleeping either in plains or in the foreft, have always 
one of their number awake, who a£ls as a centinel, and 
gives notice of any approaching danger. 

Margraaf informs us, that the monkeys in Brazil, while 
they are fleeping on the trees, have uniformly a centinel 
to warn them of the approach of the tiger or other rapa- 
cious animals ; and that, if ever this centinel is found 
fleeping, his companions inftantly tear him in pieces for 
his negleft of duty. For the fame purpofe, when a troop 
of monkeys are committing depredations on the fruits of 
a garden, a centinel is placed on an eminence, who, wheti 
any perfon appears, makes a certain chattering noife, 
which the reft underftand to be a fignal for retreat, and 
immediately fly off and make their efcape. 

The deer-kind are remarkable for the arts they employ 
in order to deceive the dogs. With this view the fl;ag 
often returns twice or thrice upon his former fteps. He 
endeavours to raife hinds or younger fl:ags to follow him, 
and to draw off the dogs from the immediate objedt of 
their purfuit. If he fucceeds in this attempt, he then flies 
off with redoubled fpeed, or fprings off at a fide, and lies 
down on his belly to conceal hinifelf. When in this fitu* 
ation, if by any means his foot is recovered by the dogs, 
they purfue him with more advantage, becaufe he is now 
confiderably fatigued. Their ardour increafes in proper- 
tion to his feeblenefs ; and the fcent becomes ftrongcr as 
he grows warm. From thefe circumftances the dogs aug- 
ment their cries and their fpeed ; and, though the ftag 
employs more arts of efcape than formerly, as his fwift- 
nefs is diminiflied, his doublincrs and artifices become 
gradually lefs effeftual. No other refource is now left 
him but to fly from the earth which he treads, and go in- 
to 
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to the waters, in order to cut ofF the fcent from the Uogi, 
when the huntlmcn again endeavour to put them on the 
track of his toot. After taking to the water, the Hag U 
fo much exhaufted that he is incapable of running much 
farther, and is foon at bay^ or, in other words, turns and 
defends hinifelf againft the hounds. In this fituation he 
often wounds the dogs, and even the huntfnien, by blows 
with his horns, till one of them cuts his hams to make him 
fall, and then puts a period to his life. The fallow-deer 
is more delicate, lefs favage, and approaches nearer to 
the domelUc ftate than the flag. The males, during the 
rutting feafon, make a bellowing noife, but with a low and 
interrupted voice. They are not fo furious as the flag. 
They never depart from their own country in qucft of fe- 
males ; but they bravely fight for the pofleflion of their 
miftreffes. They alfociate in herds, which generally keep 
together. When great numbers are afl'embled in one 
park, they commonly form themfelves into two diftind: 
troops, which foon become hoftile, becaufe they are both 
ambitious of pofTefTmg the fame part of the inclofure. 
Each of thefe troops has its own chief or leader, who 
always marches foremoft, and he is uniformly the oldeft 
and ftrongefl: of the flock. The others follow him ; and 
the whole draw up in order of battle, to force the other 
troop, who obferve the fame conduct, from the befl paf- 
ture. The regularity with which thefe combats are con- 
duded is fmgular. They make regular attacks, fight with 
courage, and never think themfelves vanquiihed by one 
check ; for the battle is daily renewed till the weaker 
are completely defeated, and obliged to remain in the 
worft pallure. They love elevated and hilly countries. 
When hunted, they run not ftraight out, like the flag, 
but double, and endeavour to conceal themfelves from the 
dogs by various artifices, and by fubftituting other ani- 
mals in their place. When fatigued and heated, how- 
ever, they take the water ; but never attempt to crofs fuch 
Jarge rivers as the flag. Thus, between the chace of the 
fallow-deer and of the ftag, there is no material diffe- 
rence. Their fagacity and infUnds, their Ihifts and 
doublings, are tJie fame, only they are more frequently 
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praclifed by the fallow-deer. As he runs not fo far be- 
fore the dogs, and is lefs enterprifmg, he has oftener oc- 
cafion to change, to fubftitute another in his place, tot 
double, return upon his former tracks, &c. which ren- 
ders the hunting of the fallow-deer more fubjeft to incon- 
veniencies than that of the ftag. 

The roe-deer is inferior to the ftag and fallow-deer 
both in ftrength and ftature ; but he is endowed with 
more gracefulnefs, courage, and vivacity. His eyes are 
more brilliant and animated. His limbs are more nim- 
ble ; his movements are quicker, and he bounds with 
equal vigour and agility. He is likewife more crafty, 
conceals himfelf with greater addrefs, and derives fupe- 
rior refources from his inftinds. Though he leaves be- 
hind him a ftronger fcent than the ftag, which increafes the 
ardour of the dogs, he knows how to evade their pur- 
fuit, by the rapidity with which he commences his flight, 
and by his numerous doublings. He delays not his arts 
of defence till his ftrength begins to fail him ; for he no 
fooner perceives that the firft efforts of a rapid flight have 
been unfuccefsful, than he repeatedly returns upon his 
former fteps ; and, after confounding, by thefe oppofite 
motions, the direcbion he has taken, after intermixing 
the prefent with the paft emanations of his body, he, by 
a great bound, rifes from the earth, and, retiring to a 
fide, lies down flat on his belly. In this immoveable fitua- 
tion, he often allows the whole pack of his deceived ene- 
mies to pafs very near him. The roe-deer differs froni 
the ftag in difpofition, manners, and in almoft every na- 
tural habit. Inftead of affociating in herds, they live in 
feparate families. The two parents and the young go to- 
gether, and never mingle with ftrangers. They are con- 
ftant in their amours, and never unfaithful like the fta<T. 
The females commonly produce two fawns, the one a 
male and the other a female. Thefe young animals, who 
are brought up and nouriflied together, acquire a mutual 
affedtion fo ftrong, that they never depart from each other. 
This attachment is fomething more than love ; for, though 
always in company, they feel the rut but once a year, and 
it continues only fifteen days. At this period the father 
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drives? off the fnwns, as if he intended that they flioulcf 
yield their place to thofe which are to fuccced, in order 
to form new families for themfelves. After the rutting 
feafon, however, is paft. the fawns return to their mo- 
ther, and continue with her fome time longer ; after 
which they feparate forever, and remove to a diftance 
from the place of their nativity. When about to bring 
forth, the female feparates from the male ; and, to avoid 
the wolf, her raoft dangerous enemy, conceals herfelf in 
the deqjeft: receiles of the forefl. In a week or two the 
fawns are able to follow her. When threatened with dan- 
ger, (he hides them in a clofe thicket ; and, fo flrong is 
her parental atfeclion, that, in order to prefcrve her ofl- 
fpring from deftruclion, fhe prefents herfelf to be chaced. 

Hares poflefs not, like rabbits, the art of digging re- 
treats in the earth. But they neither want inftind fuffi- 
cient for their own prefervation, nor fagacity for efcap- 
ing their enemies. They form feats or ncfls on the fur- 
face of the ground, where they watch, with the moft vi- 
gilant attention, the approach of any danger. In order 
to deceive, they conceal themfelves between clods of the 
fame colour with that of their own hair. When purfu- 
ed, they firfl; run with rapidity, and then double, or re- 
turn upon their former Iteps. From the place of ftart- 
ing, the females run not fo far as the males; but they 
double more frequently. Hares hunted in the place where 
they were brought forth, feldom remove to a great dif- 
tance from it, but return to their form ; and, when chaced 
two days fucceflivcly, on the fecond day they perform the 
fame doublings they had pradifed the day before. When 
hares run ftraight out to a great diftance, it is a proof 
thiit they are flrangers. Male hares, efpecially during the 
r )^ remarka1''le period of rutting, which is in the months. 
I. nuary, February, and March, fometimes perform 
't'; of feveral miles in quell of mates; but, as foon 
. e rtartcd by dogs, they fly back to the place of 
.tivity. ' I have feen a hare,* Fouilloux remarks, 
/acious. that, after hearing the hunter's horn, he 
.red from his form, and, though at the diftance of a 
quarter of a league, went to fwim in a pool, and lay 

' down 
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* down on the rufhes in the middle of it, without being 

* chaced by the dogs. I have feen a hare, after running 
' two hours before the dogs, pufh another from his feat, 

* and take polTeffion of it. I have feen others fwim over 

* two or three ponds, the narrowed of which was eighty 

* paces broad. I have feen others, after a two hours chace, 
' run into a fheep-fold and lie down among them. I have 
' feen others, when hard puflied, run in among a flock of 
' fheep, and would not leave them. I have feen others, 
' after hearing the noife of the hounds, conceal themfelves 
' in the earth. I have feen others run up one fide of a 

* hedge and return by the other, when there was nothing 

* elfe between them and the dogs. I have feen others, 

* after running half an hour, mount an old wall, fix feet 
' high, and clap down in a hole covered with ivy. Laftly, 
' I have feen others fwim over a river, of about eighty pa- 
' ces broad, oftener than twice, in the Length of two 
' hundred paces,' 

The fox has, in all ages and nations, been celebrated 
for craftinefs and addreis. Acute and circumfped, faga- 
cious and prudent, he diverfifies his condud, and always 
referves fome art for unforefeen accidents. Though nim- 
bler than the wolf, he trufts not entirely to the fwiftnefs 
of his courfe. He knows how to enfure fafety, by pro- 
viding himfelf with an afylum, to which he retires when 
danger appears. He is not a vagabond, but lives in a fet- 
tled habitation and in a domeliic ftate. The choice of 
fituation, the art of making and rendering a houfe com- 
modious, and of concealing the avenues which lead to it, 
imply a fuperior degree of fentiment and reflexion. The 
fox poiTelfes thefe qualities, and employs them with dex- 
terity and advantage. He takes up his abode on the bor- 
der of a wood, and in the neighbourhood of cottages. 
Here he liftens to the crowing of the cocks and the noife 
of the poultry. He fcents them at a diftance. He choofes 
his time with great judgment and difcretion. He conceals 
both his route and his defign. He moves forward with 
caution, fometimes even trailing his body, and feldom 
makes a fruitlefs expedition. When he leaps the wall, or 
gets in underneath it, he ravages the court-yard, puts all 
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the fowls to dearh, and then retires quietly with his prey, 
which he either c<Miccals under the herbage, or carries oft" 
to his kennel. In a fiiort time he returns for another, 
which he carries olf and hides in the fame manner, but 
in a ditferent place. In this manner he proceeds, till the 
Hght of the fun, or fome movements perceived in the 
houfc, admonifh him that it is time to retire to his den. 
He docs much mifchief to the bird-catchers. Early in 
the morning he vifits their nets and their bird-lime, and 
carries oil fucceffivelv all the birds that happen to be en- 
tangled. The young hares he hunts in the plains, fcizes 
old ones in their feats, digs out the rabbits in the warrens, 
finds out the nefts of partridges, quails. Sec. feizes the 
mothers on the eggs, and deltroys a prodigious number 
of game. Dogs of all kinds fpontaneoufly hunt the fox. 
Though his odour be ftrong, they often prefer him to 
the flag or the hare. When purfued he runs to his hole ; 
and it is not uncommon to fend in terriers to detain him 
till the hunters remove the earth above, and either kill 
or feize him alive. The moll certain method, however, 
of dcRroying a fox is to begin with flmtting up the hole, 
to flation a man with a gun near the entrance, and then 
to fearch about with the dogs. When they fall in with 
Jiim he immediately makes for his hole. But, when he 
comes up to it, he is met with a difcharge from the gun. 
If the Ihot miifes him, he Hies off full fpeed, takes a wide 
circuit, and returns again to the hole, where he is fired 
upon a fecond time ; but, when he difcovers that the en- 
trance is fhut, he darts away ftraight forward, with the 
intention of never revifiting his former habitation.. He 
is next purfued by the hounds, whom he feldom fails to 
iatigue; becaufe, with much cunning, he palTes through 
the thickefl part of the foreft, or places of the molt dif- 
ficult accefs, where the dogs are hardly able to follow 
him ; and, when he takes to the plains, he runs ftraight 
out, without either ftopping o?»doubling. But the moil 
effectual way of deftroying foxes is to lay fnares baited 
with live pigeons, fowls, &c. The fox is an exceedingly 
voracious animal. Bcfide all kinds of flefli and fifhes, he 
devours, with equal avidity, eggs, milk, cheefe, fruits, and 
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particularly grapes. He is fo extremely fond of honey, 
that he attacks the nefts of wild bees. They at firft put 
him to flight by numberlefs flings ; but he retires for the 
fole purpofe of rolling himfelf on the ground, and of 
crufhing the bees. He returns to the charge fo often, 
that he obliges them to abandon the hive, which he foon 
uncovers, and devours both the honey and the wax. 
Some time before the female brings forth, flie retires, and 
feldom leaves her hole, where fhe prepares a bed for her 
young. When fhe perceives that her retreat is difcovered, 
and that her young have been diflurbed, fhe carries them 
of}', one by one, into a new habitation. The fox fleeps 
in a round form, like the dog ; but, when he only re- 
pofes himfelf, he lies on his belly with his hind-legs ex- 
tended. It is in this fituation that he eyes the birds on 
the hedges and trees. The birds have fuch an antipathy 
againll him, that they no fooner perceive him than they 
fend forth fhrill cries to advertife their neighbours of the 
enemy's approach. The jays and blackbirds, in particu- 
lar, follow the fox from tree to tree, fometimes two or 
three hundred paces, often repeating the watch-cries. 
The Count deBuffon kept two young foxes, which, when 
at liberty, attacked the poultry ; but, after they were 
chained, they never attempted to touch a fmgle fowl. A 
living hen was fixed near them for whole nights ; and, 
though deftitute of victuals for many hours, in fpite of 
hunger and of opportunity, they never forgot that they 
were chained, and gave the hen no difturbance. 

In Kamtfchatka, the animals called gluttons employ a 
lingular flratagem for killing the fallow-deer. They climb 
up a tree, and carry with them a quantity of that fpecies 
of mofs of which the deer are very fond. When a deer 
approaches near the tree, the glutton throws down the 
mofs. If the deer flops to eat the mofs, the glutton in- 
flantly darts down upon its back, and, after fixing him- 
felf firmly between the horns, tears out its eyes, which 
torments the animal to fuch a degree, that, whether to put 
an end to its torments, or to get rid of its cruel enemy, it 
flrikes its head againfl the trees till it falls down dead. 
The glutton divides the flefh of the deer into convenient 
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356 THE PHILOSOPHY 

portions, and conceals them in the canli to fcrve for future 
provifions. The gluttons on the river Lena kill horfcs 
in the fame manner *. 

ITiere are feveral fpecies of rats in Kamtfchatka. The 
moft remarkable kind is called tegulchitch by the natives. 
Thefe rais make neat and fpacious nefts under ground. 
They are lined with turf, and divided into different aj irt- 
ments, in which the rats depofit (lores of provilions ior 
fupporting them during the winter. It is worthy of re- 
mark, that the rats of this country never toui h the pro- 
vifions laid up for the winter, except when thiy cannot 
procure nourifliment any where elfe. Thefe rats, like the 
Tartars, change their habitations. Sometimes they to- 
tally abandon Kamtfchatka for feveral years, and iheir 
retreat greatly alarms the inhabitants, which they confider 
as a prefage of a lainy feafon, and of a bad year for 
hunting. The return of thefe animals is, of courfe, 
looked upon as a good omen. Whenever they appear, 
the happy news is loon fpread over all parts of the coun- 
try. They always take their departure in the fpring, when 
they alfemble in prodigious numbers, and traverfe rivers, 
lakes, and even arms of the fea. After they have made 
a long voyage, they frequently lie motionlefs on thelhore, 
as if they were dead. When they recover their ftrength 
they recommence their march. The inhabitants of Kamt- 
fchatka are very folicitous for the prefervation of thefe 
animals. They never do the rats any injury, but give 
them every affillance when they lie weakened and extend- 
ed on the ground. They generally return to Kamtfchatka 
about the month of October ; and they are fometimes 
met with in fuch prodigious numbers that travellers are 
obliged to flop two hours till the whole troop palfes. The 
track, of ground they travel in a fmgle fummer is not lefs 
wonderful than the regularity they obferve in their march, 
and that inftinctive impulfe which enables them to fore- 
fee, with certainty, the changes of times and of feafons. 

With regard to Birds, their artifices are not lefs nume- 
rous nor lefs furprifmg than thofe of quadrupeds. The eagle 
and hawk-kinds are remarkable for the fharpnefs of their 

fight, 
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fip:ht, and the arts they employ in catching their prey. 
Their movements are rapid or flow, according to their in- 
tentions, and the fituation of the animals they wifli to 
devour. Rapacious birds uniformly endeavour to rife 
hij^her in the air than their prey, that they may have an 
opportunity of darting forcibly down upon it with their 
pounces. To counteract thefe artifices. Nature has en- 
dowed the fmaller and more innocent fpecies of birds with 
many arts of defence. When a hawk appears, the fmall 
birds, if they find it convenient, conceal themfelves in 
hedges or brufh-wood. When deprived of this opportu- 
nity, they often, in great numbers, feem to follow the 
hawk, and to expofe themfelves unnecelTarily to danger, 
while, in faft, by their numbers, their perpetual chan- 
ges of direction, and their uniform endeavours to rife 
above him, they perplex the hawk to fuch a degree, that 
he is unable to fix upon a fmgle objeft ; and, after ex- 
erting all his art and addrefs, he is frequently obliged to 
relinquifh the purfuit. When in the extremity of danger, 
and after employing every other artifice in vain, fmall 
birds have been often known to fly to men for protedion. 
This is a plain indication that thefe animals, though they 
in general avoid the human race, are by no means fo 
much afraid of man as of rapacious birds. 

The ravens often frequent the fca-fliores in quefl: of 
food. When they find their inability to break the fhells; 
of mufcles, &c. to accomplifli this purpofe they ufe a 
very ingenious fl:ratagem : They carry a mufcle, or other 
Ihell-filh, high up in the air, and then dafli it down upon 
a rock, by which means the fliell is broken, and they ob- 
tain the end they had in view. 

The wood-pecker is furniflied with a very long and vo- 
luble tongue. It feeds upon ants and other fmall infedts. 
Nature has endowed this bird with a fmgular inftiniEt. 
It knows how to procure food without feeing its prey. It 
attaches itfelf to the trunks or braaches of decayed trees ; 
and, wherever it perceives a hole or crevice, it darts in 
its long tongue, and brings it out loaded with infers of 
difterent kinds. This operation is certainly infl:in6live; 
but the inftind is affifted by the iaftru(^ion of the parents ; 
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for the young arc no looner able to fly, than tlic parents, 
by the force of example, teach them to rclort to trees, 
and to infert their tongues indifcriminately into every hole 
or fiffure. 

Of the oeconomy of F'ljlies^ as formerly remarked, our 
knowledge is extremely limited. But, as the ocean ex- 
hibits a perpetual and a general fcene of attack and de- 
fence, the arts of allault and of evafion muft, of courfe, 
be exceedingly various. For the prefervation of fome 
fpecies of fifhes. Nature has armed them with ftrong and 
ftiarp pikes. Others, as the perch-kind, are defended 
with (Irong bony rays in their fms. Others, as the uni- 
valve fhell-fifh, retire into their fhells upon the approach 
of danger. The bivalves and multivalves, when attacked, 
inftantly fliut their fliells, which, in general, is a fufficient 
protedion to them. Some univalves, as the limpet-kind, 
attach themfelves fo firmly, by excluding the air, to rocks 
and (tones, that, unlefs quickly furprifed, no force infe- 
rior to that of breaking the fliell can remove them. The 
flying-fifh, when purlued, darts out of the water, and 
lakes refuge in the air, in which it is for fome time fup- 
ported by the operation of its large and pliable fms. The 
torpedo is furnifhed with a remarkable apparatus for felf- 
prefervation : It repels every hoftilc attempt by an eleftri- 
cal ftroke, which confounds and intimidates its enemies. 
Several fifhes, and particularly the falmon-kind, when 
about to generate, leave the ocean, afcend the rivers, de- 
pofit their eggs in the fand, and, after making a proper 
nidus for their future progeny, return to the ocean from 
whence they came. Others, as the herring-kind, though 
they feldom go up rivers, alfemble in myriads from all 
quarters, and approach the fhores, or afcend arms of the 
fea, for the purpofe of propagating the fpecies, and che- 
rifhing their offspring. When that operation is perform- 
ed, they leave the coafts, and difperle in the ocean, till 
the fame inflindive inipulfe forces them to obferve a fimi-' ' 
lar condud: next feafon. This migration of falmons, 
herrings, and many other fifhes, from the ocean to the 
rivers or ftiores, is of infinite advantage to mankindl' ' 
They fupply us occafionally, and in fome countries, as 

Great 
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Great-Britain, and particularly Scotland, with abundance 
of nourifhing and luxurious food ; and, if our fifheries 
were once put upon a proper footing, they would foon 
conftitute one of the moft powerful incentives to induf- 
try, and become a great and important fource of national 
ftrength and profperity. 

The infect tribes, though comparatively diminutive, 
are not deficient in artifice and addrefs. With much art 
the fpider fpins his web. It ferves him the double pur- 
pofe of an habitation, and of a machine for catching his 
food. With incredible patience and perfeverance he lies 
in the center of his web for days, and fometimes for 
weeks, before an ill-fated fly happens to be entangled. 
One fpecies of fpider, which is fmall, of a blackifh co- 
lour, and frequents cottages or out-houfes, I have known 
to live during the whole winter months without almoft 
the poffibility of receiving any nourifliment ; for, during 
that period, not a fly of any kind could be difcovered in 
the apartment. If they had been in a torpid ilate, like 
fome other animals, the wonder of their furviving the 
want of food fo long would not have been fo great. But, 
in the fevereft weather, and through the whole courfe of 
the winter, they were perfedly adive and lively. Nei- 
ther did they feem to be in the leaft emaciated. 

The formica-leo, or ant-lion, is a fmall infeft, fomewhat 
refembling a wood-loufe, but larger. Its head is flat, 
and armed with two fine moveable crotchets, or pincers. 
It has fix legs, and its body, which terminates in a point, 
is compofed of a number of membranous rings. In the 
fand, or in finely pulverifed earth, this animal digs a hole 
in the form of a funnel, at the bottom of which it lies 
in ambuih for its prey. As it always walks backward, it 
cannot purfue any infed. To fupply this defeft, it lays 
a fnare for them, and efpecially for the ant, which is its 
favourite food. It generally lies concealed under the fand 
in the bottom of its funnel or trap, and feldom exhibits 
more than the top of its head. In digging a funnel, the 
formica-leo begins with tracing a circular furrow in the 
fand, the circumference of which determines the fize of 
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the funnel, which is often an inch deep. After the firft 
furrow is made, the animal traces a fccond, which is al- 
ways concentric with the firft. It throws out the fand, 
as with a Ihovel, from tlie fucccflive furrows or circles, 
by means of its fquare flat head and one of its fore-legs. 
It proceeds in this manner till it has completed its funnel, 
which it does with furprifmg promptitude and addrefs. 
At the bottom of this artful fnare it lies concealed and 
immoveable- When an ant happens to make too near 
an approat-^ to the margin of the funnel, the fides of 
which are very deep, the fine fand gives way, and the 
unwary animal tumbles down to the bottom. The for- 
mica-leo inftantly kills the ant, buries it under the fand, 
and fucks out its vitals. It afterwards puihes out the 
empty Ikin, repairs the diforder introduced into its fnare, 
and again lies in ambulh for a frelh prey. 

We formerly took fome notice of that fpecies of fpi- 
der which carries her eggs in a bag attached to her belly. 
A fpider of this kind was thrown into the funnel of a 
formica-leo. The latter inflantly feized the bag of eggs, 
and endeavoured to drag it under the fand. The fpider, 
from a ftrong love of offspring, allowed its own body to 
be carried along with the bag. But the flender fdk by 
which it was fixed to the animal's belly broke, and a fe- 
paration took place. The fpider immediately feized the 
bag with her pincers, and exerted all her efforts to re- 
gain the object of her afl'eclions. But thefe efforts were 
ineffectual ; for the formica-leo gradually funk the bag 
deeper and deeper in the fand. The fpider, however, 
rather than quit her hold, allowed herfelf to be buried 
alive. In a (hort time, the obferver removed the fand, 
and took out the fpider. She was perfectly unhurt ; for 
the formica-leo had not made any attack upon her. But, 
fo ftrong was her attachment to her eggs, that, though 
frequently touched with a tv/ig, ffie would not relinquifli 
the place which contained them*. 

"^Vhen arrived at its full growth, the formica-leo" gives 
up the bufmefs of an enfnaring hunter. He deferts his 

former 
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former habitation, and crawls about for fome time on 
the furface of the earth. He at laft retires under the 
ground, fpins a round filken pod, and is foon transformed 
into a fly. 



CHAPTER XVI. 



Of the Society of Animals. 

*' I ""HE affociating principle, from which fo many ad- 
vantages are derived, is not confined to the human 
fpecies, but extends, in fome inftances, to every clafs of 
animals. 

It is remarked by Buffon, and fome other authors, 
that the ftate of Nature, which had long occupied the 
attention and refearches of philofophers, was rejeded by 
them after the difcovery was made. In the eftimation of 
the authors alluded to, the favage ftate is the ftate of 
Nature. The firfl; natural condition of mankind is the 
union of a male and female. Thefe produce a family, 
who, from neceffity, or, in other words, from parental 
and filial affedion, continue together, and affift each other 
in procuring food and Ihelter. This family, like moil 
families in eftabliflied civil focieties, feel their own weak- 
nefs, and their inability to fupply their wants without 
more powerful refources than their feeble exertions. 
When this wandering and defencelefs family accidentally 
meet with another family in the fame condition. Nature, 
it is faid, teaches them to unite for mutual fupport and 
protedliion. The aifociation of two families may be con- 
lidered as the firft formation of a tribe or nation. When 
a number of tribes happen to unite, they only become 
a larger or more numerous nation. A fmgle pair, it is 
true, if placed in a fituation where plenty of food could 
be procured without much labour^ might, in a fucceflion 
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of ages, produce any indefinite number. This is prcclfely 
the lituation in which Mofes has placed our firft parents. 
He has added another circumltance highly favourable to 
a fpecdy population. Inilead of the prefent brevity of 
human life, he informs us, that men, in the firfl periods 
of the world, lived and propagated feveral hundred years. 

In countries thinly peopled with favages, it is extremely 
probable, that focicties are formed by the gradual union 
of families and tribes. The increafe of power arifmg 
from mutual alfiftance, and a thoufand other comfortable 
circumftances, foon contribute to cement more firmly the 
affociatcd members. Some of the arts of liie, befide that 
of hunting, are occafionally difcovered either by accident 
or by the ingenuity of individuals. In this manner, gra- 
dual advances are made from the favage to the civilized 
condition of mankind. This is a very Ihort view of the 
origin of fociety, which has been adopted by mod au- 
thors both ancient and modern, though many of them 
have derived the affociating principle from very different, 
and even from oppofite caufeSj which it is no part of our 
plan either to enumerate or to refute. Some writers, as A- 
riftotle, and a few moderns, implicit followers of his opini- 
ons, deny that man is naturally a gregarious or affociating 
animal. To render this notion confident with the adual 
and univerfal flatc of the human race, thefe authors have 
had rccourfe to puerile conceits, and to queftionable fafts, 
which it would be fruitlefs to relate. Other writers, poffef- 
fcd of greater judgment and difcernment, and lefs warped 
with vanity and hypothetical phantoms, have derived the 
origin of fociety from its real and only fource. Nature 
herfelf. 

That the affociating principle is inflinclive, hardly re- 
quires a proof. An appeal to the feelings of any human 
being, and to the univerfal condition of mankind, is fuf- 
ficient. Thefe feelings, it may be faid, are acquired by 
education and habit. By thefe caufes, it is true, our fo- 
cial feelings are flrengthened and confirmed ; but their 
origin is coeval with the exiffence of the firfl human 
mind. Let any man attend to the eyes, the features, and 
the geftures of a child upon the breaft, when another 

child 
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child is prefented to it ; both inftantly, previous to the 
poflibility of inftrudion or habit, exhibit the moft evident 
expreffions of joy. Their eyes fparkle, their features and 
geftures demonftrate, in the moft unequivocal manner, a 
mutual attachment, and a ftrong defire of approaching 
each other, not with a hoftile intention, but with an ar- 
dent alFedion, which, in that pure and uncontaminated 
ftate of our being, does honour to human nature. When 
farther advanced, children who are ftrangers to each 
other, though their focial appetite is equally ftrong, dif- 
cover a mutual fhynefs of approach. This fhynefs, or 
modefty, however, is foon conquered by the more pow- 
erful inftinct of aflbciation. They daily mingle and fport 
together. Their natural affedlions, which, at that period, 
are ftrong, and unbialTed by thofe felfifti and vicious mo- 
tives which too often conceal and thwart the intentions 
of Nature, create warm friend ftiips that frequently con- 
tinue during their lives, and produce the moft beneficial 
and cordial effeds. When we thus fee with our eyes, 
that the affociating principle appears at a period much 
more early than many of our other inftincts, who will 
liften to thofe writers who choofe to deny that man is, 
naturally, an affociating or gregarious animal ? 

With regard to the advantages we derive from affoci- 
ation, a volume would not be fufficienf to enumerate ^ 
them. Man, from the comparatively great number of 
inftinds with which his mind is endowed, neceflarily 
pofTeftes a portion of the reafoning faculty highly fuperior 
to that of any other animal. He alone enjoys the power 
of communicating and expreffing his ideas by articulate 
and artificial language. This ineftimable prerogative is, 
perhaps, one of the greateft fecondary bonds of fociety, 
and the greateft fource of improvement to the human 
intelleft. W^ithout artificial language, though Nature ^ 
has beftowed on every animal a mode of expreffing its 
wants and defires, its pleafures and pains, what an hu- 
miliating figure would the human fpecies exhibit, even 
upon the fuppofition that they did aflbciate ? But, when 
language and affociation are conjoined, the human intel- 
left, in the progreis of time, arrives at a high degree of 

perfedion. 
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perfcdion. Society gives rife to virtue, honour, govern- 
ment, fubordinarion, arts, fcience, order, happincfs. All 
the individuals of a community conduct thcmlclves upon 
a regulated fyftem. Under the inlluence of cllal)lilhcd 
laws, kings and magiflratcs, by the excrcifc of legal au- 
thority, encourage virtue, rcprofs vice, and ditl'ufe, through 
the extent of their juiifdictions, the huppy elfeds of their 
adminillration. In fociety, as in a fertile climate, human 
talents germinate and are expanded ; tlie mechanical and 
liberal arts flourifh ; poets, orators, hiftorians, philofo- 
phers, [lawyers, phyfieians, and theologians, are pro- 
duced. Thefe truths are pleafant ; and it were to be 
wilhed that no evils accompanied them. But, through 
the whole extent of Nature, it fliould appear, from our 
limited views, that good and evil, pleafure and pain, arc 
neceflfary and perpetual concomitants. 

The advantages of fociety arc immenfe and invaluable. 
But the inconvenieucies, hardfliips, injullicc, oppreHions, 
and cruelties, which t^o often originate from it, are great 
and lamentable. Kvtn under the mildell and bed regu- 
lated governmen'iS, animofitics, jeaioufies, avarice, fraud, 
and chicane, are unfortunately never removed from our 
obfervation. In abfoiute monarchies, and particularly in 
defpotic governments, the fcenes of private and of gene- 
ral calamity and dillrefs are often too dreadful to be def- 
cribed. Notwithftanding ail thefe difadvantages, how- 
ever, any government is preferable to anarchy.; and the 
comforts, pleafures, and improvements, we receive from 
affociating with each other, overbalance all the evils to 
which fociety gives rife. 

From an attentive obfervation of the manners and oeco- 
nomy of animals, fociety has been diftinguiflied into two 
kinds, which have been called proper^ and improper,-^ 
I. Proper Societies, comprehend all thofe animals who not 
only live together in numbers, but carry on certain ope- 
rations which have a direct tendency to promote the wel- 
fare and happinefs of the community. 2. Improper Sc- 
cieties, include all thofe 'animals who herd together, and 
love the company of each other, without carrying on any 
common operations. 

1. Pro- 
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I . Proper Societies. — It is almoft needlefs to remark that 
man holds the Tirfl rank in animal aflbciations of this kind. 
If men did not afiifl each other, no operation of any mag- 
nitude, or which could fliow any great fuperiority of ta- 
lents above thofe of the brute creation, could poflibly be 
effected. A fmgle family, or even a few families united, 
like other carnivorous aninvAls, might hunt their prey, 
and procure a fufficient quantity of food. They might, 
like the bear, lodge in the cavities of trees ; they might 
occupy natural caves in the rocks ; they might even build 
huts with branches of trees and with turf, and cement 
•thefe grofs materials with clay. This loweft and moft ab- 
jeO: view of human nature is not exaggerated. It were 
to be wifhed that this grovelling condition of mankind 
were fiditious, and that, in many regions of the globe, it 
did not, at this moment, exift. Thefe operations of men, 
when only acquainted wdth the mere rudiments of fociety, 
indicate parts little fuperior to thofe of the brutes. Man, 
even in his moft uninformed ftate, polTeHes the inftinfts, 
or the germs, of every fpecies of knowledge and of ge- 
nius. But they muft be cheriflied, expanded, and brought 
gradually to perfection. It is by numerous and regularly- 
eftabliihed focieties alone that fuch glorious exhibitions of 
human intelieft can be produced. What is the hut of a 
favage when compared to the palace of a prince ? or what 
his canoe when compared to a firft-rate fhip of war ? ^ 

Next to the intelligence exhibited in human fociety, 
that of the beavers is the moft confpicuous. Their ope- 
rations in preparing, fafhioning, and tranfporting, the 
heavy materials for building their winter habitations, as 
formerly remarked*, are truly aftonifhing ; and, whea 
we read their hiftory, we are apt to think that we are pe- 
rufmg the hiftory of man in a period of fociety not incon- 
fiderably advanced. It is only by the united ftrength, and 
co-operation of numbers, that the beavers could be en- 
abled to produce fuch wonderful effects ; for, in a foli- 
tary ftate, as they at prefent appear in fome northern parts 
of Europe, the beavers, like folitary favages, are timid and 
ftunid animals. Thev neither ailbciate, nor attempt to 
' ' conftrud 

* Sec abovr, page 201. ^c. S. 
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conftru£l villages, but content themfelves with digging 
holes in the earth. Like men under the oppreflion ot 
defpotic governments, the Ipirit of the European beavers 
is depreffcd, and their genius is extinguilhed by terror, 
and by a perpetual and neccllary attention to individual 
fafety. The northern parts of Europe are now fo popu- 
lous, and the animals there are fo perpetually hunted for 
the fake of their furs, that they have no opportunity of 
affociating ; of courfe, thefc wonderful marks of their 
fagacity, which they exhibit in the remote and uninha- 
bited regions of North- America, are no longer to be found. 
The fociety of beavers is a fociety of peace and of affec- 
tion. They never quarrel or injure one another, but live 
together in different numbers, according to the dimenfi- 
ons of particular cabins, in the moft perfect harmony. 
The principle of their union is neither monarchical nor 
defpotic : For the inhabitants of the different cabins, as 
well as thofe of the whole village, feem to acknowledge 
no chief or lead^ir whatever. Their affociation prefents to 
our obfervation a model of a pure and perfect republic, 
the only bafis of which is mutual and unequivocal at- 
tachment. They have no law but the law of love and of 
parental affection. Humanity prompts us to wifh that it 
were poflible to eftablifh republics of this kind among 
mankind. But the difpofitions of men have little affinity 
to thofe of the beavers. 

The hampfler, or German marmot, and fome other 
quadrupeds of this kind, live in fociety, and aflifl each 
other in digging and rendering commodious their fubter- 
raneous habitations. The operations of the marmots 
have already been defcribed ; and the nature of their fo- 
ciety, as they continue during the winter in a torpid (late, 
is either lefs known, or does not excite fo much admira- 
tion as that of the beavers. 

Pairing birds, in fome meafure, may be confidered as 
forming proper focieties ; becaufe, in general, the males 
and females mutually aflift each other in building neffs 
and feeding their young. But this fociety, except in the 
eagle-tribes, commonly continues no longer than their 
mutual offspring are fully able to provide for themfelves. 

None 
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None of the feathered tribes, as far as we know, unite 
in bodies, in order to carry on any operation common to 
the whole. 

Neither do we learn from hiftory that fiflies ever aflb- 
ciate for the purpofe of executing any common operation. 
Many of them, as herrings, falmons, &c. aflemble in mul- 
titudes at particular fcafons of the year ; but this aflbcia'- 
tion, to which they are impelled by inftinft, has no com- 
mon objed ; for each individual is ftimulated to aft in 
this manner by its own motives, and no general effeft is 
produced by mutual exertions. 

In proper focieties, each individual not only attends to 
his own prefervation and welfare, but all the members 
co-operate in certain laborious ofiices which produce ma- 
ny common advantages that could not otherwife be pro- 
cured. In fome focieties, the general principle of aflbci- 
ation and of mutual labour is purely inftinftive, though, in 
many cafes, individuals learn, by obfervation and expe- 
rience, to modify or accommodate this general principle 
according to particular accidents or circumftances ; fome 
examples of which have already been given in the chap-, 
ter upon inftinfl:. 

The infeft tribes furnifh many inftances of proper fo- 
cieties. The honey-bees not only labour in common with 
aftonifhing afliduity and art, but their whole attention andl 
affeftions feem to center in the perfon of the queen or fo- 
vereign of the hive. She is the bafis of their alTociation 
and of all their operations. When flie dies by any acci- 
dent, the whole community are inftantly in diforder. All 
their labours ceafe. No new cells are conftrudled. Nei- 
ther honey nor wax are colledled. Nothing but perfedt 
anarchy prevails, till a new queen or female is obtained. 
The government or fociety of bees is more of a monar- 
chical than of a republican nature. The whole members 
of the ftate feem to refpedt and to be diredlied by a fmgle 
female. This faft affords a ftrong inftance of the force 
and wifdom of Nature. The female alone is the mother 
of the whole hive, however numerous. Without her the 
fpecies could not be continued. Nature, therefore, has 
endowed the reft of the hive with a wonderful affection 

Bb b to 
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to their common parent. For the reception of her eggs. 
Nature impels them to conflruift cells, and to lay up ftores 
of provifioiis for winter fubfiflcncc. Thefe operations pro- 
ceed from pure inftindive impulfes. But every inlHnd 
neceifarily fuppofes a degree of intelle«ft, a fubilratum to 
be acted upon, otherwife no impulfe could be felt, and, 
of courfc, no aftion nor mark of intelligence could poffi- 
bly be produced. 

That the intelligence, the government, and the fagacity 
of bees, have been frequently exaggerated, and as fre- 
quently mifunderftood, no real philofopher, or natural 
hiftorian, will pretend to deny. But the late ingenious 
Count de Buffon, through the whole of his great work, 
betrays the ftrongefh inclination to deny that brutes, even 
thofe which are efteemcd to be the moft fagacious, as the 
dog, the elephant, &c. not to mention the inferior tribes, 
as birds, fifties, and infedls, are endowed with the fmallefl: 
portion of mind or intelledt, but that all their move- 
ments, their expreflions, their defires, their arts, are folely 
the rcfults of mechanical impulfes. The Count is pecu- 
liarly fevere in his declamations againft the fagacity of 
the honey-bees, and the celebrators of their ceconomy 
and manners. ' The genius of folitary bees,* he remarks, 

* is vaftly inferior to that of the gregarious fpecies ; and 

* the talents of thofe which affociate in fmall troops are 

* lefs confpicuous than of thofe that alfemblc in numerous 
' bodies. Is not this alone fufficient to convince us, that 

* the feeming genius of bees is nothing but a refult of pure 
' mechanifm^ a combination of movements proportioned to 
' numbers, an effect which appears to be complicated, only 

* becaufe it depends on thoufands of individuals ? It mult, 
' therefore, be admitted, that bees, taken feparately, have 

* lefs genius than the dog, the monkey, and moll other 
' animals : It will likewife be admitted, that they have lefs 

* docility, lefs attachment, and lefs fentiment ; and that 

* they polfefs fewer qualities relative to thofe of the hu- 

* man fpecies. Hence we ought to acknowledge, that 

* their apparent intelligence proceeds folely from the mxil- 

* titvde united. This union, however, prefuppofes not in- 

* tellectual powers j for they unite not from moral views : 

* They 
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' They find themfelves together without their confent. 
' This fociety, therefore, is a phyfical alTemblage oidain- 

* ed by Nature, and has no dependence on knowledge or 
' reafoning. The mother bee produces at one time, and 
' in the fame place, ten thoufand individuals, which, 
' though they were much more ftupid than I have fup- 
' pofed them, would be obliged, folely for the preferva- 
' tion of their exiftence, to arrange themfelves into fome 
' order. As they all a£t againft each other with equal 
' forces, fuppofing their firfl movements to produce pain, 

* they would foon learn to diminifii this pain, or, in other 
' words, to afford mutual alTiftance : They, of courfe, 
' would exhibit an air of intelligence, and of concurring 

* in the accomplifhment of the fame end. A fuperficial 

* obferver would inftantly afcribe to them views and ta- 

* lents which they by no means polfefs : He would explain 
' every action : Every operation would hate its particular 
' motive, and prodigies of reafon would arife without 

. *■ number ; for ten thoufand individuals produced at one 
' time, and obliged to live together, muft all ad in the 

* very fame manner ; and, if endowed with feeling, they 
' mull acquire the fame habits, alTume that arrangement 
' which is the leafl; painful, or the moft eafy to themfelves, 
' labour in their hive, return after leaving it, &c. Hence 

* the origm of the many wonderful talents afcribed to bees, 

* fuch as their architecture, their geometry, their order, 
' their forefight, their patriotifm, and, in a word, their 
' republic, the whole of which, as I have proved, has no 
' exiftence but in the imagination of the obferver 

That this mode of reafoning (hould have been ferioufly 
adopted by fo great a literary charader as that of Count 
de Buftbn, is truly aftoniftiing. The fubftance of the 
argument is, that ten thoufand bees, or other gregarious 
infeds, when brought into exiftence at the fanie time, 
and in the fame place, muft neceiTarily, by the inconve- 
nience or pain arifmg from mutual prelTure, aifume an 
arrangement, and conftrud commodious and artful ha- 
bitations for the whole community. I hate polemical ar- 
gumentation ; and philofophical abfurdities are the moft:* 

difficult 



* Tranflation, vol. 3, page 285. S. 
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difficult to Tefurc. If ten thoufand butterflies, or any 
other flies, whofe inltindivc or mental ]Knvers difleretl 
from thofe of the bee, IhouKl be brought forth at the 
fame time, and in the fauic place, which might be eafily 
efFccled by collecting their chryfalids. Would thcfe ani- 
mals, from the inconvcniencies or pain they might lufler 
by bein^ crouded together, aflume a proper arrangement, 
and build habitations fuited to their mutual comfort and 
prefervation ? No. If not allowed to efcape from their 
prefent fituation, they would fuflbcate each other ; and, 
if any of them were permitted to get out of their prilon, 
inftead of returning, like the bees, they would avoid it 
with as much horror as a perfon who had made his efcape 
from the Black Hole of Calcutta. No declamatory rea- 
foning, however fpecious, will ever change the nature of 
truth. Without Ibme portion of intclled, or what is 
fynonimous, of mental powers, How fhould the different 
kinds of bees in the fame hive be induced to pcrlorm fo 
many different operations ? While fome are bufily em- 
ployed at home in the conftrudion of cells, others are 
equally induflrious in the fields collecting materials for 
carrying on the work. They are no fooner relieved from 
their load by their companions and fellow-labourers in the 
hive, than they again repair to the fields, and, with per- 
fevering indudry, fly from flower to ffower till they have 
amailed another load of materials, which they inmiedi- 
ately tranfport to the hive. In this laborious office they 
perfift for many hours every day when the weather per- 
mits. Will any man pretend to affert, that thcfe, and 
many fimilar operations performed by bees, are the refults 
of mechanical impulfes * ? Are bees, when collecting ho- 
ney, and the farina of flowers, at great diftances from 
the hive, compelled, by the mechanical preffure of mul- 
titudes, to affume a certain arrangement, and all of them 
to a6t in the fame manner ? Can any animal be poffeffed 
of more liberty, or be more free from mechanical re- 
ftraint, than a bee while roaming at large in the fields ? 
Befides, What fhould force a bee, while wallowing in 

luxury, 

* For fcveral eun'oiu opcratious of bees, which it will be difficult to reconcile 
vich aoy principics of meciianifiDj the reader may coafult page 302, &c. S. 
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luxury, to return fo repeatedly to the hive with 'no 
other view than to feed its companions, or to furnifli 
them with materials for their work ? Here every idea of 
mechanical impulfe is utterly excluded. That bees, as 
well as other animals, are ad:uated by motives, or im- 
pulfes, it is willingly allowed. But thefe are not mecha- 
nical impulfes. They are the wife and irrefiftible impul- 
fes of Nature upon their minds. If bees did not alTociate, 
and mutually allift one another in their various opera- 
tions, the fpecies would foon be anihilated. Not one of 
them, it is probable, would furvive the firft winter. But 
Nature, ever folicitous for th6 prefervation of her pro- 
ductions, has endowed their minds with an alTociating 
principle, and with inftinOis which ftimulate them to 
perform all thofe wonderful operations that are neceflary 
for the exiftence of individuals, and the continuation of 
the fpecies. 

What are called the common caterpillars afford an in- 
ftance of proper affociation. About the middle of fum- 
mer, a butterfly depofits from three to four hundred eggs 
on the leaf of a tree, from each of which, in a few days, 
a young caterpillar proceeds. They are no fooner hatched 
than they begin to form a common habitation. They 
fpin filken threads, which they attach to one edge of the 
leaf, and extend them to the other. By this operation 
they make the two edges of the leaf approach each other, 
and form a cavity refembling a hammock. In a fhort 
time, the concave leaf is completely roofed with a cover- 
ing of filk. Under this tent the animals live together in 
mutual friendi'hip and harmony. When not difpofed to 
eat or to fpin, they retire to their tent. It requires feveral 
of thefe habitations to contain the whole. According as 
the animals increafe i;i fize, the number of their tents is 
augmented. But thefe are only temporary and partial 
lodgements, conftruded for mutual conveniency, till the 
caterpillars are in a condition to build one more fpacious, 
and which will be fuflicient to contain the whole. After 
gnawing one half of the fubftance of fuch leaves as hap- 
pen to be near the end of feme twig or fmall branch, 
they begin their great work. In conftruding this new 

edifice 
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edifice or neft, the caterpillars encrull a conridcrable part 
of the twig with white iilk. In the fame manner, they 
cover two or three of fuch leaves as are nearcit to the 
termination of the^wig. They then fpin filken coverings 
of greater dimenfJbns, in which they inclofe the two or 
three leaves together with the twig. The nefl is now fo 
fpacious that it is able to contain the whole community, 
every individual of which is employed in the common 
labour. Thefe nelts are too frequently feen, in autumn, 
upon the fruit-trees of our gardens. They are ftill more 
expofed to obfervation in w Inter, when the leaves, which 
formerly concealed many of them, are fallen. They con- 
fift of large bundles of wliite fdk and withered leaves, 
without any regular or conllant form. Some of them 
are ilat, and others roundifh ; but none of them are def- 
titute of angles. By dilferent plain coverings extended 
from the oppofitc fides of the leaves and of the twig, the 
internal part of the neft is divided into a number of dif- 
ferent apartments. To each of thefe apartments, which 
feem to be very irregular, there are pafl'agcs by which 
tlie cateri)illars can either go out in quelt of food, or 
retire in the evening, or during rainy weather. The 
fdken coverings, by repealed layers, become at laft fo thick 
and ftrong, that , they refift all the attacks of the wind, 
and all the injuries of the air, during eight or nine months. 
About the beginning of Oclober, or when the froft firfl 
commences, the whole community (hut themfelves up in 
the ne(L During the winter they remain immoveable, 
and feemingly dead. But, when expofed to heat, they 
foon difcover fymptoms of life, and begin to creep. In 
this country, they feldom go out of the neft till the mid- 
dle or end of April. When they fhut themfelves up for 
the winter, they are very fmall ; but, after they have 
fed for fome days in fpring upon the young and tender 
leaves, they find the neft itfelf, and al! the entrances to 
it, too fniall for the increafed fize of their bodies. To 
remedy this inconveniency, thefe difgufting reptiles know 
how to enlarge both the neft and its palTages by additional 
operations accommodated to their prefent fiate. Into 
thefe new lodgings they retire when they want to repofe, 

to 
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lo'fcreen themfelves from the injuries of the weather^ or 
to caft their fliins. In fine, after cafting their Ikins feve- 
ral times, the time of their difperfion arrives. From the 
beginning to near the end of June, they lead a folitary 
life. Their focial difpofition is no longer felt. Each of 
them fpins a pod of coarfe brownifli filk. In a few daysi 
they are changed into chryfalids ; and, in eighteen or 
twenty days more, they are transformed into butterflies. 

Caterpillars of another fpecies, which Reaumur diftin- 
guifhes by the appellation of the frocejftonary caterpillar^ 
live in fociety till their transformation into flies. Thefe 
caterpillars are of the hairy kind, and are of a reddifh 
colour. They inhabit the oak, and feed upon its leaves. 
When very young, they have no fixed or general habi- 
tation. But, after they have acquired about one half of 
their natural fize, they aflemble together, and conflruQ: 
a neft fufficient to accommodate the whole. The nefts 
of thefe caterpillars are attached to the trunks of the oak, 
and are fituated fometimes near the earth, and fometlmes 
feven or eight feet above its furface. They confift of dif- 
ferent ftrata, or layers, of filkj which are fpun by the 
united labour of the whole community. Their figure is 
neither ftriking nor uniform. On the part of the oak 
to which they are fixed they form a protuberance fimilar 
to thofe knots which are feen upon trees. This protube- 
rance fometimes refembles a fegment of a circle, and 
fometimes it is three or four times longer than it is broad. 
Some of thefe neflis are from eighteen to twenty inches 
long, and from five to fix inches wide. About the mid- 
dle of their convexity, they often rife more than four 
inches above the furface of the tree. Between the trunk 
of the tree and the layers of filk a fingle hole is left, to 
allow the animals to go out in quefl of food, arid to rcr. 
tire into the neft after they are fatiated. Notwithftand- 
ing the great bulk of thefe nefts, and though there are 
often three or four of them upon the fame tree, and never 
elevated above the height of diftindt vifion, they are not 
eafily perceived ; for the filk of which they are compofed 
is cinereous, and refembles, in colour, thofe moflTes with 
which the trunk of the oak is generally covered. 

The 
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The inhabitants of a neft, which are numerous, marcli 
out, about the letting of the fun, to forage, under the 
concjud of a chief or leader, al! whofe movements they 
uniformly follow. The order they obferve is lingular. 
The firlt rank confiits of fnigle animals, the fecond of 
two, the third of three, the fourth of four, and fome- 
times more. In this manner they proceed in quell of 
food with all the regularity of difciplined troops. The 
chief or leader has no marks of pre-eminence ; for any 
individual that happens firlt to iflue Irom the neft, from 
that circumftance alone, becomes the leader of an expe- 
dition. After making a full repaft upon the neighbour- 
ing leaves, they return to the neft in the fame regular 
order ; and this practice they continue during the whole 
period of their exiftence in the caterpillar ftate. It was 
from this ftrange regularity of movement that Reaumur^ 
with much propriety, denominated thefe animals proccjft- 
onary caterpillars. When arrived at maturity, each in- 
dividual fpins a filken pod, is converted into a chryfalis, 
and afterwards aftumes the form of a butterfly. This laft 
transformation breaks all the bonds of their former alfo- 
ciation, and the female flies depofit their eggs, which, 
when hatched, produce new colonies, who exhibit the 
fame oeconomy and manners. 

There are feveral fpecies of caterpillars who arc real 
republicans, and whofe difcipline, manners, and genius, 
are equally diverfified as thofe of the inhabitants of dif- 
ferent nations and climates. Some, like particular fava- 
ges, conftrutl a kind of hammocks, in which they take 
their victuals, repofe, and fpend their lives till the period 
of their transformation. Others, like the Arabs and Tar- 
tars, conftrucl and live in filken tents, and, after con- 
fuming the neighbouring herbage, they leave their former 
habitations, and encamp on frefh pafture. Under thefe 
tents they are not only protected from the injuries of the 
weather, but they repofe in them when fick, or in a ftate 
of inactivity. They go out of their tents at particular 
times in queft of food, and often to confiderable diftan- 
ces ; but they never lofe their way back. It is not by 
fight that they are directed with fo much certainty to their 

abodes. 
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abodes. Nature has furniflied them with another guide 
for regaining their habitations. We pave our (Ireets with 
ftones ; but the caterpillars cover all their roads with 
filken threads. Thefe threads make white tracks, which 
are often more than a fixth of an inch wide. It is by 
following thefe filken tracks, however complicated, that 
the caterpillars never mifs their nefts. If the road is broke 
by a man's finger drawn along it, or by any other acci- 
dent, the caterpillars are greatly embarraffed. They flop 
fuddcnly at the interrupted fpace, and exhibit every mark 
of fear and of diffidence. Here the march ftops, till an 
individual, more bold or more impatient than his compa- 
nions, traverfes the gap. In his paifage, he leaves behind 
him a thread of filk, which ferves as a bridge or conduc- 
tor to the next that follows. By the progreffion of num- 
bers, each of which fpins a thread, the breach is foon 
repaired. We cannot fuppofe that thefe ftupid animals 
cover their roads to prevent their wandering. But they 
never wander, becaufe their roads are covered with filk. 
In this, as well as in many other infhnces, 'Nature obli- 
ges animals to embrace the moil effedliual means of felf- 
prefervation, and even of conveniency, without their 
perceiving the utility of their own operations. The ca- 
terpillars, v/hofe manners we have been defcribing, fpin 
almoft continually, becaufe they are continually obliged 
to evacuate a filky matter, fecreted from their food by 
velTels deftined for that purpofe, and included in their 
intellines. In obeying this call of Nature, they efiedu* 
ally fecure their retreat to their nells, and perhaps their 
exiftence. It may be faid, that caterpillars alfociate for 
no other reafon but becaufe they are all produced at the 
fame time from eggs depofited near each other. But 
many other fpecies of caterpillars, who are brought to 
life in the very fame circumilances, never aifociate or act 
in concert in the performance of any mutual labour. The 
filk-worm* afford a familiar example. It is true, they 
fpontaneouily remain alfembled in the fame place, which 
is of great advantage to manufacture. But the individu- 
als of other fpecies difperfe immediately after birth, and 
never re-unite. Spiders, when newly hatched, begin with 

C c G fpiiming 
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fpinning a web in common ; but they foon terminate this 
affociation bv devouring one another. 

As caterpillars do not engender till they arrive at the 
butterfly Itate, their aflbciations have no rtfped to the 
rearini; or education of young. Sclf-prefcrvation and in- 
dividual conveniency are the only bonds of their union. 
A pcrfed equality reigns among them, without any dif- 
tinction of fex, or even of fize. Each takes his fliare of 
the common labour ; and the whole fociety, which con- 
ftiiutes but one family, is the genuine ifluu of the fame 
mother. 

The affociation and oeconomy of the common ants 
merit fome attention. With wonderful induRry and ac- 
tivity they colled materials for the conftrudion of their 
neft. They unite in numbers, and aflift each other in 
excavating the earth, and in tranfporting to their habi- 
tation bits of draw, fmall pieces of wood, and other fub- 
ftances of a fimilar kind, which they employ in lining 
and fupporting their fubterraneous galleries. The form 
of their neft or hill is fomewhat conical, and, of courfc, 
the water, when it rains, runs eafily off, without pene- 
trating their abode. Under this hill there are many gal- 
leries or palfages which communicate with each other, 
and refemble the ftreets of a fmall city. 

The ants not only affociate for the purpofe of conftrud- 
ing a common habitation, but for cherifhing and proleding 
their offspring. Every perfon muft have often obferved, 
when part of a neft is fuddenly expofed, their extreme fo- 
iicitude for the preservation of their chryfalids or nymphs, 
which often exceed the fize of the animals themfelvcs. With 
amazing dexterity and quicknefs the ants tranfport theif 
nymphs into the fubterraneous galleries of the neft, and 
place them beyond the reach of any common danger. 
The courage and fortitude with which they defend their 
young is no lefs aftoniftiing. The body of an ant was 
cut through the middle, and, after fuffering this cruet 
treatment, fo ftrong was its parental aft'edion, with its 
head, and one half of the body, it carried off eight or 
ten nymphs. They go to great diftances in fearch of 

provifjoB!}. 
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provifions. Their roads, which are often winding and 
involved, all terminate in the neft. 

The wifdom and forefight of the ants have been cele- 
brated from the remoteft antiquity. It has been aflerted 
and believed, for near three thoufand years, that they lay 
up magazines of provifions for the winter, and that they 
even cut oiF the germ of the grain to prevent it from 
fliooting. But the ancients were never famed for accu- 
rate refearches into the nature and operations of infefts. 
Thefe fuppofed magazines could be of no ufe to the ants 5 
for, like the marmots and dormice, they fleep during the 
winter. A very moderate degree of cold is fufiicient to 
render them torpid. In fa6l, it is now well known that 
they amafs no magazines of provifions. The grains which, 
with fo much induftry and labour, they carry to their 
neft, are not intended to be food to the animals, but, 
like the bits of ftraw and wood, are employed as mate- 
rials in the conftrudion of their habitation. 

2. Improper Societies. — Many animals are gregarious, 
though they unite not with a view to any joint operation, 
fuch as conftruding common habitations, or mutually 
and indifcriminately nourifhing and protecting the oft- 
fpring produced by the whole fociety. But, even among 
animals of this deicription, there are motives or bonds 
of affociation, and, in many inft.ances, they mutually af- 
fift and defend each other from hoftile aflaults. 

The ox is a gregarious animal. When a herd of oxen 
are pafturing in a meadow, if a wolf makes his appear- 
ance, they inftantly form themfelves in battle array, and 
prefent their united horns to the enemy. This warlike 
difpofition often intimidates the wolf, and obliges him to 
retire. 

In winter, the hinds and young ftags aflbciate, and 
form herds, which are always more numerous in propor- 
tion to the feverity of the weather. One bond of their fo- 
ciety feems to be the advantage of mutual warmth deriv- 
ed from each other's bodies. In fpring they difperfe, 
and the hinds conceal themfelves in the forefts, where 
they bring forth their young. The young ftags, however, 

continue 
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continue together ; they love W browfc in c<^ninanv ; and 
neccirity alone forces them to feparate. 

The Count de Bufion roprefcnrs Ihccp a mij iu crea- 
tures, which are incapable ot defending thcmfclves againft 
the attacks ot anv rapacious animal. He maintains that 
the race muft long ago have been cxtinguifhed, if man 
had not taken them under his immediate protctlion. But 
Nature has furnlihed every fpecies of animated beings 
with weapons and arts of defence which arc fuflicient lor 
individual prelervation as well as the continuation of the 
kind. vShcep arc endowed with a llrong aflociating ]>i in- 
ciple. When threatened with an attack, like foldiers, 
they form a line of battle, and boldly face the enemy. 
In a natural itate, the rams conftitute one half ol the 
flock. They join together and form the front. When 
prepared in this manner for repelling an aflault, no lion 
or tiger can refifl: their united impetuofity and force. 

A family of hogs, when in a Itate of natural liberty, 
never feparate till the young have acquired llrength fuf- 
ficient to repel the wolf. When a wolf threatens an 
attack, the whole family unite their forces, and bravely 
defend each other. 

The wild dogs of Africa hunt in packs, and carry on 
a perpetual war againd other rapacious animals. The 
jackals of Afia and Africa likewife hunt in packs. But, 
though animals of this kind mutually aflilt each other in 
Jtiiling prey, individual advantage is the chief, if not 
the only, bond of this temporary union. 

Another kind of fociety is obfervable among domellic 
•animals. Horfes and oxen, when deprived of compani- 
ons of their own fpecies, alTociate, and difcover a vifible 
attachment. A dog and an ox, or a dog and a cow, when 
placed in certain circumftances, though the fpecies are 
remote, and even holHle, acquire a ftrong affection for 
-each other. The fame^kind of affociation takes place 
between., dogs and cats, between cats and birds, &c. If 
domeftic animals had a Itrong averfion to one another, 
jnan could not derive fo many advantages from them. 
Horfes, oxen, fhcep, &c. by iDrowfmg promifcuoufly to- 
OTlheTy^ augment and meliorate the common pafture. By 

living 
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living under the fame roof, and feeding in common, this 
alfociating principle is Itrengthened and modified by ha- 
bit, which often commences immediately after birth. A 
fmgle horfe confined in an enclofure, difcovers every 
mark of uneafinefs. He becomes reftlefs, neglects his 
food, and breaks through every fence in order to join his 
companions in a neighbouring field. Oxen and cows will 
not fatten in the fineft pafture, if they are deprived of 
fociety. 

From the fads and remarks contained in this chapter, 
it feems to be evident, that the principle of alTociation 
in man, as well as in many other animals, is purely in- 
ftinctive ; and that this principle may be ftrengthened 
and modified by the n umber lefs advantages derived from 
it, by imitation, by habit, and by many other circum- 
ftances. 



CHAPTER XVII. 



Of the Docility of Animals. 

OF all animals capable of culture, man is the moft 
dudile. By inilruaion, imitation, and habit, his 
mind may be moulded into any form. It may be exalted 
by fcience and art to a degree of knowledge, of which 
the vulgar and uninformed have not the moft diftant 
conception. The reverfe is melancholy. When the hu- 
man mind is left to its own operations, and deprived of 
almoft every opportunity of focial information, it finks 
fo low, that it is nearly rivaled by the moft fagacious 
brutes. The natural fuperiority of man over the other 
animals, as formerly remarked, is a neceffary refult of 
the great number of inftinds with which his mind is en- 
dowed. Thefe inftinds are gradually unfolded, and pro- 
duce, after a mature age, reafon, abftraftion, invention, 

fcience. 
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fcience. To conlirm this truth, it would be iVuitlefs to 
have recourfe to mctaphyfical arguments, vhich gene- 
rally mifleatl and bewilder human reafon. A diligent 
attention to the adual operations of Nature is fullicicnt 
to convince any mind that is not warped and deceived by 
popular prejudice, the fetters ot authorities, as they are 
called, whether ancient or modern, or by the vanity ot 
fupporting preconceived opinions and favourite theories. 
Let any man reflccl: on the progrefs of children troni 
birth to manhood. At lirit, their inftinds are limited 
to obfcure fenlktions, and to the performance of a few 
corporeal actions, to which they are prompted, or rather 
compelled, by certain ftimulated impulfes unnecelTary to 
be mentioned. In a few months, their fenfations are per- 
ceived to be more diftind, their bodily adlions are better 
direded, new inflinds are unfolded, and they aifume a 
greater appearance of rationality and of mental capacity. 
When ilill farther advanced, and after they have acquired 
fome ufe of language, and fome knowledge of natural ob- 
jetts, they begin to reafon ; but their reafonings are fee- 
ble, and often prepollerous. In this manner they uni- 
formly proceed in improvement till they are actuated by 
the laft inlfind, at or near the age of puberty. After 
this period, they reafon with fome degree of perfpicuity 
and jullnefs. But, though their whole inftinds are now 
unfolded and in adion, every power of their minds re- 
quires, previous to its utmoft exertions, to be agitated and 
polifhed by an examination of a thoufand natural and arti- 
ficial objects, by the experience and obfervatiom of thofe 
■with whom they aflbciate, by public or private inftrudtion, 
by Itudynng the writings of their predecelTors and cotem- 
poraries, and by their own reflections, till they arrive at 
the age of thirty-five. Previous to that period, much 
learning may have been acquired, much genius may have 
been exerted ; but, before that time of life, judgment, 
abllraclion, and the reafoning faculty, are not fully ma- 
tured. This progrefs is the genuine operation of Nature, 
and the gradual fource of human fagacity and mental 
powers. The fame progrefs is to be oblerved in the 
powers of the body. It arrives, indeed, fooner at per- 
fection 
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fedion than the mind. But, if the progrefs of the mind 
greatly preceded that of the body, what a miferable and 
aukward figure would human beings, at an early period 
of their exiftence, exhibit ? Adive and vigorous minds, 
ftimulated to command what the organs of their bodies 
were unable to obey, would produce peeviflmefs, anger, 
regret, and every dillreffing paffion. 

The bodies of men, though not fo du£lile as their miftds, 
are capable, when properly managed by early culture, of 
wonderful exertions. Men, accuftomed to live in polifh- 
ed focieties, have little or no idea of the activity, the 
courage, the patience, and the perfevering induftry, of 
favages, when fimply occupied in hunting wild animals 
for food to themfelves and their families. The hunger, 
the fatigue, the hardfliips, which they not only endure, 
but defpife, with fortitude, would amaze and terrify the 
imagination of any civilized European. 

Befide man, many other animals are capable of being 
inftrufted. The ape-kind, and efpecially the larger fpe- 
cies of them, imitate the adions of men without any in- 
flrudion. This imitation they are enabled to perform 
with the greater exadnefs, on account of their ftru^lure. 
The orang-outang, a native of the fouthern regions of 
Africa and India, is as tall and as ftrong as a man. He 
has no tail. His face is flat* His arms, hands, toes, and 
nails, are perfectly fimilar to ours. He walks conftantly 
on end ; and the features of his vifege make a near ap- 
proach to thofe of the human countenance. He has a 
beard on his chin, and no more hair on his body than 
men have when in a ftate of nature. He knows how to 
bear arms, to attack his enemies with ftones, and to de- 
fend himfelf with a club. Of all the apes, the orang- 
outang, or wild man, as he is called by the Indians, has 
the greateft refemblance to man, both in the ftruaure of 
his body and in his manners. There are two fuppofed fpe- 
cies of orang-outang, a larger and a fmaller. The latter has 
been feveral times brought to Europe, and accurate de- 
fcriptions have been given both of his external and inter- 
nal parts. But, with regard to the larger kind, who is- 
faid to exceed the ordinary ftature of man, we have no- 
thing- 
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ih\ng to re?y on but the relations of trnvHIeTS. Rontius* 

who was chief phvfician \v 
he faw, with admiration, II^ >. i ^ uuii \ i . 
walking on their two feet. Among others, he remarked 
-a fooiale, who feemed to have a fenfe of modclh', Avho 
Cbfered her fiice with her hands when men approached 
her with whom fhe was unacquainted, who wept, groan- 
ed, and feemed to want nothing of humanity but the fa- 
culty of fpeech *. Many other furprifmg atlions per- 
formed by this animal are recorded by different voyagers, 
which it is unnecelfary to repeat, efpecially as wc have a 
fufficient number of fads attelted by unequivocal evi- 
dence. The Count de Buffon, with much probability, 
confiders what are called the large and fmall orang-outangs 
to be the fame fpecies of animals ; for thofe hitherto 
brought to Europe were very young, and had not acquir- 
ed one half of their ftature. 

' The orang-outang,' fays Buffon, ' which Ifaw, walk- 

* ed always on two feet, even when carrying things of 
' confiderable weight. His air was melancholy, his move- 

* ments meafured, his difpofitions gentle, and very dlffe- 

* rent from thofe of other apes. He had neither the im- 

* patience of the Barbary ape, the malicioufnefs of the 

* baboon, nor the extravagance of the monkeys. It may 
' be alledged that he had the benefit of inflruftion ; but 
' the apes, which I fhall compare with him, were educated 
' in the fame manner. Signs and words were alone fuffi- 
' cient to make oui orang-outang acl : But the baboon 

* required a cudgel, and the other apes a whip ; for none 
' of them would obey without blows. 1 have feen this 
' animal prefent his hand to conduct the people who came 
' to vifit him, and walk as gravely along as if he had 
' formed a part of the company. I "have feen him fit 
' down at table, unfold his towel, wipe his lips, ufe a 
' fpoon or a fork to carry the victuals to his mouth, pour 

* his liquor into a glafs, and make it touch that of the 
' perfon who drank along with him. When invited to 

* drink tea, he brought a cup and a faucer, placed them 

* on the table, put in fugar, poured out the tea, and al- 

' lowed 

* Jac. Bom. Hid. Ndt. lad. cap. S. 



OF NATURAL HISTORY. 393 

' lowed it to cool before he drank it. All thefe anions he 
' performed without any other inftigation than the figns 
' or verbal orders of his mafter, and often of his own ac- 
' cord. He did no injury to any perfon. He even ap- 

* proached company with circumfpedion, and prefented 
' himfelf as if he wanted to be carelTed. He was very 
' fond of dainties, which every body gave him t And, as 

* his breaft was difeafed, and he was afflidted with a teaz- 
' ing cough, this quantity of fweatmeats undoubtedly con- 
' tributed to fliorten his Hfe. He lived one fummer in 
' Paris, and died in London the following winter. He 
' eat almoft every thing ; but preferred ripe and dried 
' fruits to all other kinds of food. He drank a little 
« wine ; but fpontaneoufly left it for milk, tea, or other 
' mild liquors *.* 

M. de la BrolTe purchafed two orang-outangs from a. 
Negro, whofe age exceeded not twelve months. ' Thefe 

* animals,' he remarks, ' have the inftinft of fitting at 
' table like men. They eat every kind of food without 
' diftindion. They ufe a knife, a fork, or a fpoon, to cut 
' or lay hold of what is put upon their plate. They drink 
' wine and other liquors. We carried them aboard. At 
' table, when they wanted any thing, they made them- 
« felves be underftood by the cabin-boy : And, when the 

* boy refufed to give them what they demanded, they 
' fometimes became enraged, feized him by the arm, bit, 
« and threw him down. — ^I'he male was feized with fick- 
« nefs in the road. He made himfelf be attended as a 
' human being. He was even twice bled in the right 
' arm : And, whenever he found himfelf afterwards 'm 
< the fame condition, he held out his arm to be bled, as 
« if he knew that he had formerly received benefit from 
' that operation.' 

We are informed by Francis Pyrard, « that, in the pro- 
« vlnce of Sierra-Leona, there is a fpecies of animals cal- 

* led kiris (the orang-outang), who are ftrong and well 
' limbed, and fo induilrious, that, when properly tramed 
' and fed, they work like fervants ; that they generally 
' walk on the two hind-feet ; that they pound any fub- 

D d d ' ftances 

* Buffon, vol. 8. page 86. Tranfl. S. 
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' ftanccs in a mortar ; that they go to bring water from 
' the river in fin.ill pitchers, which they carry full on their 

* heads. Bur, w hen they arrive at the door, if the pilch- 
' ersare not loon taken off, they allow them to fall ; and, 
' when they perceive the pitcher overturned and broken, 
' they weep and lament With regard to the educa- 
tion of thefe animals, the teftimony of Schoutton cor- 
refponds with that of Pyrard. ' They are taken,' fays 
he, * with fnares, taught to walk on their hind-feet, and 
» to ufe their fore-feet as hands in performing different 
' operations, as rinfing glaffes, carrying drink round the 
' company, turning a fpit,* &c.f. Guat informs us, that 
he * faw at Java a very extraordinary ape. It was a fc- 
' male. She was very tall, and often walked ered on her 
' hind-feet. On thefe occafions, fhe concealed with her 
' hands the parts which dillinguifh the fex. — She made 
« her bed very neatly every day, lay upon her fide, and 
' covered herfelf with the bed-clothes. — When her head 
' ached, fhe bound it up with her handkerchief ; and it 

* was amufmg to fee her thus hooded in bed, I could re- 
« late many othct little articles which appeared to be ex- 

* tremely fmgular. But I admired them not fo much as 
' the multitude ; becaufe, as I knew the defign of bring- 

* in£^ her io Europe to be exhibited as a flicw, I was in- 
< dined to think that Ihe had been taught many of thefe 

* monkey tricks, which the people confidered as being 
' natural' to the animal. She died in our fhip, about the 
« latitude of the Cape of Good Hope. The figure of this 
' ape had a very great refemblance to that of man J.* 

W^e have now enumerated the principal fafts regarding 
this extraordinary animal, which have been related by 
vovagers of credit, and by thofe who have feen and ex- 
amined him in Europe ; and lhall only remark, that, not- 
withlianding the great fimilarity of his ftrudure and or- 
0;ans to thofe of the human fpecies, his genius and talents 
feem to be very limited. The form of hi* body enables 
him to imitate every human action. But, though he has 

thr 

♦ Voyages de Francois Pyrnrd, torn 2. pai^c 331. S. 
f Vova?cs de Schotuton, aux In<k« Oricntalcs. S. 
X Voy.^^i.* df lJr^. U Guat, \orv,2. p 'i'- ^G. J». 
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the organs of fpeech, he is deftitute of articulate language. 
If, however, he were domefticated, and proper pains be- 
llowed for inftruding him, he might unqueftionably be 
taught to articulate. But, fuppofmg this point to be ob- 
tained, if he remained incapable of refiedion, if he was 
unable to comprehend the meaning of words, or to dif- 
cover by his expreffions a degree of intelledt greatly fu- 
perior to that of the brute creation, which I imagine 
would be the cafe, he could never, as fome authors have 
held forth, be exalted to the diftinguifhed rank of human 
beings. 

Of all quadrupeds, of whofe hiflory and manners we 
have any proper knowledge, the elephant is moft remark- 
able both for docility and underftanding. Though his 
fize is enormous, and his members rude and difpropor- 
tioned, which give him, at firft fight, the afpe£t of dul- 
nefs and ftupidity, his genius is great, and his fagacious 
manners, and his fedate and collected deportment, are 
alraofl incredible. He is the largeft and ftrongeft of all 
terreftrial animals. Though naturally brave, his difpo- 
fitions are mild and peaceable. He is an aifociating ani- 
mal, and feldom appears alone in the forefts. When in 
danger, or when they undertake a depredatory expedition 
into cultivated fields, the elephants afiemble in troops. 
The oldeft takes the lead ; the next in feniority brings up 
the rear ; and the young and the feeble occupy the center. 
In the forefts and folitudes they move with lefs precaution; 
but never feparate fo far afunder as to render them inca- 
pable of affording each other mutual affiftance when dan- 
ger approaches. A troop of elephants conftitutes a moft 
formidable band. Wherever they march, the foreft feems 
to fall before them. They bear down the branches upon 
which they feed ; and, if they enter an inclofure, they 
foon deftroy all the labours of the huftDandman. Their 
invafions are the more tremendous, as there is hardly any 
means of repelling them ; for, to attack a troop, when 
thus united, would require a little army. It is only when 
one or two elephants happen to linger behind the reft, 
that the hunters dare exert their art and ingenuity in 
making an attack j for any attempt to 4ifturb the troop 

would 
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would certainly prove fatal to the aflaiiants. When an 
infult is oflercd, the elephants inftantly move forward 
againil the olVender, tofs him in the air with their tuiks, 
and afterwards trample him to pieces under their feet, or 
rather pillars of tlefh and bone. Let not the characKT 
of this noble and majeltic animal, however, be milrepre- 
fented. With force and dignity he refents every affront ; 
but, when not dillurbed by petulance or adual injury, 
he never fhows an hoitile intention cither againft man or 
any other animal. Elephants live entirely on vegetables, 
and have no third for lilood. Such is their focial and 
generous diipofition, that, when an individual chances 
to meet with a luxurious Ipot of pallure, he immediately 
calls to his companions, and invites them to partake of 
his pood iortune. 

The elephant pofl'elTes all the fenfes in pcrfedion : But, 
in the fenfe of touching, he excels all the brute creation. 
His trunk is the chief inftrument of this fenfe. In an 
elephant of fourteen feet high, the trunk is about eight 
feet long, find five feet and an half in circumference at 
the bafe. It is a large fleftiy tube, divided through its 
whole extent by a fcptum or partition. It is capable of 
motion in every diredion. The animal can fhorten or 
lengthen it at plealure. It anfwers every purpofe of a 
hand ; for it grafps large objects with great force, and its 
extremity can lay hold of a fixpence, or even of a pin. 
The trunk of the elephant affords him the fame means of 
addrefs as the ape. It ferves the purpofes of an arm and 
a hand. By this inflrument, the elephant conveys large 
or fmall bodies to his mouth, places them on his back, 
embraces them faft, or throws them forcibly to a diflance. 
In a flate of nature and perfect freedom, the difpofitions 
of the elephant are neither fanguinary nor ferocious. 
They are gentle creatures, and never exert their ftrength, 
pr employ their weapons, but in defending themfelves or 
protecting their companions. Even when deprived of 
the inftruction of men, they poflefs the fagacity of the 
beayer, the addrefs of the ape, and the acutenefs of the 
dog. To thefe mental talents are added the advantages 
of amazing bodily itrength, and the experience and knowf 

ledge 
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ledge he acquires by living at leaft two centuries. With 
his trunk he tears up trees. By a pufh of his body he 
makes a breach in a wall. To this prodigious ftrength 
he adds courage, prudence, and coolnefs of deportment. 
As he never makes an attack but when he receives an in- 
jury, he is univerfally beloved ; and all animals refpeft, 
becaufe none have any reafon to fear him. In all ages, 
men have entertained a veneration for this moft magnifi- 
cent and fagacious of terreftrial creatures. The ancients 
regarded him as a miracle of Nature, and he is, in reality, 
one of her greatefl: efforts. But they have greatly exagge- 
rated his faculties. Without hefitation, they have afcrib- 
ed to him high intelledual powers and moral virtues. 
Pliny, -ffilian, Plutarch, and other authors of a more 
modern date, have beftowed on the elephant not only ra- 
tional manners, but an innate religion, a kind of daily 
adoration of the fun and moon, the ufe of ablution be- 
fore worfhip, a fpirit of divination, piety toward heaven 
and their fellow-creatures, whom they affift at the approach 
of death, and, after their deceafe, bedew them with tears, 
and cover their bodies with earth. 

When tamed and inftrufted by man, the elephant is 
foon rendered the mildeft and moft obedient of all do- 
pieftic animals. He loves his keeper, careffes him, and 
anticipates his commands. He learns to comprehend 
figns, and even to underftand the expreflion of founds. 
He diftinguifhes the tones of command, of anger, and 
of approbation, and regulates his actions by his percep- 
tions. The voice of his mafter he never miftakes. His 
orders are executed with alacrity, but without any degree - 
of precipitation. His movements are always meafured 
and fedate, and his charader feems to correfpond with 
the gravity of his mafs. To accommodate thofe who 
mount him, he readily learns to bend his knees. With 
his trunk he falutes his friends, ufes it for raifing burdens, 
and affifts in loading himfelf. He loves to be clothed, 
and feems to be proud of gaudy trappings. In the fouth- 
prn regions, he is employed in drawing waggons, ploughs, 
and chariots. ' I was eye-witnefs,* fays P. Philippe, ' to 
^ the following fads. At Goa, there are always fome ele- 

* phantt 
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phants employed in the building of (hips. I one day 

* went to the fide of the river, near which a larc^c (hip 
' was building in the city of Goa, where there is a large 
' area filled with beams for that purpofe. Some men tie 

* the ends of the heaviell beams with a rope, which is 
' handed to the elephant, who carries it to his mouth, 

* and, after twifling it round his trunk, draws it, with- 

* out any conductor, to the place where the Ihip u build- 

* ing, though it had only once been pointed out to him. 
' He fometimes drew beams fo large that more than twenty 
' men would have been unable to move. But, what fur- 

* prifed me Itill more, when other beams obltru6led the 
' road, he elevated the ends of his own beams, that they 
' might run eafily over thofe which lay in his way. Could 
' the molt enlightened man do more*?' "When at work, 
the elephant draws equally, and, if properly managed, 
never turns reftive. The man who conduds the animal 
generally rides on his neck, and employs a hooked iron 
rod, or a bodkin, with which he pricks the head or fides 
of the ears, in order to pufh the creature forward, or to 
make him turn. But words are commonly fufficient. 
The attachment and affedion of the elephant are fome- 
times fo ftrong and durable that he has been known to 
die of grief, when, in an unguarded paroxyim of rage, 
he had killed his guide. 

Before the invention of gun-powder, elephants were 
employed in war by the African and Afiatic nations. 
' From time immemorial,' fays Schouten, ' the Kings of 

* Ceylon, of Pegu, and of Aracan, have ufed elephants 

* in war. Naked fabres were tied to their trunks, and 
' on their backs were fixed fmall wooden caftles, which 
' contained five or fix men armed with javelins, and other 
' weapons The Greeks and Romans, however, foon 
became acquainted with the nature of thefe monftrous 
warriors. They opened their ranks to let the animals pafs, 
and direded all their weapons, not againlt the elephants, 
but their condudors. Since fire has now become the ele- 
ment of war, and the chief inftrument of deltrudion, 
elephants, who are terrified both at the flame and noife, 

would 

* Voyage d'Oricnt. pag. 3^7. S. + Voyage dc Schouten, pag, 3c. S, 
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would be more dangerous than ufeful in our modern baU 
ties. The Indian Kings, however, ftill arm elephants in 
their wars. In Cochin, and other parts of Malabar, all 
the warriors who fight not on foot are mounted on ele- 
phants *. The fame practice obtains in Tonquin, Siam, 
and Pegu. In thefe countries, the kings and nobles at 
puL lie feftivals are always preceded and followed by nu- 
merous trains of elephants, pompoufly adorned with pieces 
of fhining metal, and clothed with rich garments. Their 
tufks are ornamented with rings of gold and fdver ; their 
ears and cheeks are painted with various colours ; they 
are crowned with garlands ; and a number of fmall bells 
are fixed to different parts of their bodies. They delight 
in gaudy attire ; for they are chearful and carefGng in 
proportion to the number and fplendour of their orna- 
ments. The Afiatics, who were very anciently civilized, 
perceiving the fagacity and docility of the elephant, edu- 
cated him in a fy Hematic manner, and modified his dif- 
pofitions according to their own manners, and the ufeful 
labours in which his ftrength and dexterity could be em- 
ployed. 

A domeftic elephant performs more labour than could 
be accompliftied by fix horfes ; but he requires much 
care and a great deal of food. He is fubjed to be over- 
heated, and mufl be led to the water twice or thrice a-day. 
He eafily learns to bathe himfelf. With his trunk he 
fucks up large quantities of water, carries it to his mouth, 
drinks part of it, and, by elevating his trunk, makes the 
remainder run over every part of his body. To give fome 
idea of the labour he performs, and the docility of his 
difpofitions, it is worthy of remark, that, in India, all 
the bales, facks, and tuns, tranfported from one place to 
another, are carried by elephants. They carry burdens, 
on their bodies, their necks, their tulks, and even in their 
mouths, by giving them the end of a rope, which they 
hold faft with their teeth. Uniting fagacity with ftrength, 
they never break or injure any thing committed to their 
charge. From the margins of the rivers, they put weighty 
bundles into boars without wetting them, lay them down 

gently 

♦ Thevenot, torn. 3. p:^g. c6i. S» 
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gently and arrange them where they oupht to be placed* 
When the goods are difpofed as their maltcrs dircd, they 
examine with their trunks whether the articles are pro- 
perly flowed ; and if a cafk or tun rolls, they go fponta- 
neoufly in quefl of (tones to prop and render it firm. 

In the elephant, the fenfe of fmelling is acute, and he 
is paflionately fond of odoriferous flowers, which he col- 
leds one by one, forms them into a nofegay, and, after 
gratifying his nofe, conveys them to his mouth. 

In India, the domeflic elephants, to whom the ufe of 
•water is as neceffary as that of air, are allowed every 
pofTible conveniency for bathing themfelves. The animal 
goes into a river till the water reaches his belly. He then 
lies down on one fide, fills his trunk feveral times, and 
dexteroufly throws the water on fuch parts as happen to 
be uncovered. The mafter, after cleaning and currying 
one fide, defires the animal to turn to the other, which 
command he obeys with the greateft alacrity ; and, when 
both fides have been properly cleaned, he comes out of 
the river, and flands fome time on the bank to dry him- 
felf. The elephant, though his mafs be enormous, is an 
excellent fwimmer ; and, of courfe, he is of great ufe in 
the paffage of rivers. When employed on occafions of 
this kind, he is often loaded with two pieces of cannon 
which admit three or four pound balls, befide great quan- 
tities of baggage and feveral men fixed to his ears and 
tail. When thus heavily loaded, he fpontaneoufly enters 
the river and fwims over with his trunk elevated in the 
air for the benefit of refpiration. He is fond of wine 
and ardent fpirits. By fhowing him a veifel loaded with 
any of thefe liquors, and promifing him it as the reward 
of his labours, he is induced to exert the greatefl efforts, 
and to perform the moft painful talks. The elephant, as 
we are informed by M. de Bufl'y, quoted by the Count 
de Buffon, is employed in dragging artillery over moun- 
tains, and, on thefe occafions, his fagacity and docility 
are confpicuous. Horfes or oxen, when yoked to a can- 
non, make all their exertions to pull it up a declivity. 
But the elephant puflies the breach forward with his front, 
and, at each effort, fupports the carriage with his knee, 

which 
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which he places againft the wheel. He feems to under- 
ftand what his cornack, or conduftor, fays to him. When 
his conductor wants him to perform any painful labour, 
he explains the nature of the operation, and gives the rea- 
fons which fliould induce him to obey. If the elephant Ihows 
a reludtance to the talk, the cornack promifes to give him 
wine, arrack, or any other article that he is fond of, and 
then the animal exerts his utmofl efforts. But to break 
any promife made to him is extremely dangerous. ^ Many 
cornacks have fallen victims to indifcretions of this kind. 

* At Dehan,' fays M. de Buffy, ' an elephant, from re- 

* venge, killed his cornack. The man's wife, who beheld 
« the dreadful fcene, took her two children, and threw 

* them at the feet of the enraged animal, faying, Since 
' you have Jlain my hiijhaiid, take my life alfo, as ivell as 
' that of my children. The elephant initantly (topped, re- 
« lented, and, as if ftung with remorfe, took the eldeil 
« boy in its trunk, placed him on its neck, adopted him 
' for its cornack, and would never allow any other perfon 
' to mount it.' . 

From the members of the Royal Academy of Sciences, 
we learn fome curious fads with regard to the manners 
of the Verfailles elephant. This elephant, they remark, 
feemed to know when it was mocked, and remembered 
the affront till it had an opportunity of revenge. A man 
deceived it, by pretending to throw fome food into its 
mouth. The animal gave him fuch a blow with its trunk 
as knocked him down, and broke two of his ribs. A 
painter wanted to draw the animal in an unufual attitude, 
with its trunk elevated, and its mouth open. The paint- 
er's fervant, to make it remain in this pofition, threw- 
fruits into its mouth, but generally made only a femt ot 
throwing them. This conduft enraged the elephant; 
and as if it knew that the painter was the caiife 01 this 
teazing impertinence, inftead of attacking the fervant, it 
eyed the mafter, and fquirted at him from its tjujik fuch. 
a quantity of water as fpoiled the paper on which he was 
drawing. This elephant commonly made Ids ule ot its 
ftrength than its addrefs. It loofed, with great eafe and 
coolnefs, the buckle of a large double leathern ftrap, 

E e e with 
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with which its leg was fixed ; and, as tlie fervants hail 
wrapped the buckle round with a Iniall cord, and lied 
many knots upon it, the creature, with much delibera- 
tion, looled the whole, without breaking eiilicr flrap or 
the cord. 

It is remarked by le P. Vincent Marie, that the ele- 
phant, when in a domeitic Hate, is highly elteemed for 
his gentlenefs, docility, and friendlhip to his governor. 
When dellined to the immediate fervice of princes, he is 
fenfible of his good fortune, and maintains a gravity of 
demeanour correfponding to the dignity of his fituation. 
But if, on the contrary, lefs honourable labours are af- 
fi;Tned to him, he grows melancholy, frets, and evidently 
di ("covers that he is humbled and deprefl'ed. He is fond 
of children, careffes them, and appears to difcern the in- 
nocence of their manners. The Dutch voyagers relate*, 
that, by giving elephants what is agreeable to them, they 
are foon rendered perfectly tame and fubmiflive. They 
are fo fagacious, that they may be faid to be dcftitute of 
the ufe of language only. They are proud and ambiti- 
ous ; and they are fo grateful for good ufage, that, as a 
mark of refpecl:, they bow their heads in palling houfe» 
where they have been hofpitably received. They allow 
themfelves to be led and commanded by a child ; but 
they love to be prailed and carefled. When a wild ele- 
phant is taken, the hunters tie his feet, and one of them 
accolts and falutes him, makes apologies for binding him, 
pioteils that no injury is intended, tells him, that, in his 
former condition, he frequently wanted food, but that, 
that, henceforward, he fhall be well treated, and that 
every promile lhall be performed to him. This foothing 
harangue is no fooner finilhed than the elephant placidly 
follows the hunter f. From this fact, however, we muft 
not conclude that the elephant underftands language, but 
that, like the dog, he has a ftrong difcerning faculty, 
lie diliinguilhes elteem from contempt, friendlliip from 
hatred, and many other emotions which are exprelTcd by 

human 



♦ Voyage dc la Co3ip2;niie dcs lades dc HoUande, tam. l. pajj. 412. S. 
+ Voyage d'Onciit. du P. plMllippr, paj. gOo. 
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human geftures and features. For this reafon, the ele- 
phant is more eafily tamed by mildnefs than by blows. 

' i have frequently remarked,' fays Edward Terry *, that 
' the elephant performs many aftions which feem to proceed 

* more from reafon than from inftinft. He does every 
' thing which his mafter commands. If he wants to terrify 
' any perfon, he runs upon him with every appearance of 
' fury, and, when he comes near, ftops fhort, without doing 

* the perfon'thefmalleft injury. When the mafter choofes to 
' affront any man, he tells the elephant, who immediately 
' collects water and mud with his trunk, and fquirts it 

* upon the objed pointed out to him. The Mogul keeps 
' fome elephants v/ho ferve as executioners to criminals 
' condemned to death. When the conductor orders one 
' of thefe animals to defpatch the poor criminals quickly, 

* he tears them to pieces in a moment with his feet : But, 
^ if defired to torment them flowly, he breaks their bones 
' one after another, and makes them fuffer a puniihment 
' as cruel as that of the wheel.* 

Next to the elephant, the dog feems to be the moft: 
docile quadruped. A wild dog is a paflionate, ferocious, 
and fanguinary animal. But, after he is reduced to a 
domeftic ftate, thefe hoftile difpofitions are fupprelfed, 
and they are fucceeded by a warm attachment, and a 
perpetual defire of pleafmg. The perceptions and natural 
talents of the dog arc acute. When thefe are aided by 
inftruction, the fagacity he difcovers, and the actions he 
is taught to perform, often excite our wonder. Thofe 
animals which man has taken under his immediate pro- 
te£tion are taught to perform artificial adtions, or have 
their natural inftinds improved, by three modes of in- 
ftrutStion, puniihment, reward, and imitation. More duc- 
tile in his nature than moft other animals, the dog not 
only receives inftruftion with rapidity, but accommodates 
his behaviour and deportment to the manners and habits 
of thofe who command him. He affumes the very tone 
of the family in which he refides. Eager, at all times, 
to pleafe his mafter, or his friends, he furioufly repels 

beggars J 

* Terry's Voyage to the Eaft Indies, pag. 15. S. 
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beggars ; becaufc he probabJy, from their drefs, conceivet 
them to be either thieves, or competitors for food. 

Though every dog, as ^vdl as cverv man, is naturally 
a hunter, ihe dexterity of both is highJy improved by ex- 
perience and inllrudion. The varieties of dogs, by fre- 
quent intermixtures with thofe of difierent climates, and 
perhaps with foxes and wolves, are fo great, and their in- 
ftincts arc fo much diverfified, that, even though they 
produce with each other, we fliould he apt to regard tiiem 
as different fpecies. What a diiference between the natu- 
ral difpofitions of the Ihepherd's dog, the fpaniel, and the 
grey-hound ? The fhepherd's dog, independently of all 
inflrudion, feems to be endowed by Nature with an in- 
nate attachment to the prcfervation of fheep and cattle. 
His docility is likewife fo great, that he not only learns 
to underftand the language and commands of the fhep- 
herd, and obeys them with faithfulnefs and alacrity ; but, 
when at diftanccs beyond the reach of his mafter's voice, 
he often flops, looks back, and recognifes the approbati- 
on or difapprobation of the fhepherd by the mere waving 
of his hand. He reigns at the head of a flock, and is 
better heard than the voice of his mafter. His vigilance 
and activity produce order, difcipline, and fafety. Sheep 
and cattle arc peculiarly lubjefted to his management, 
whom he prudently conducts and prote£ts, and never em- 
ploys force againft them, except for the prcfervation of 
peace and good order. But, when the flock committed 
to his charge is attacked by the fox, the wolf, or other 
rapacious animals, he makes a full difplay of his courage 
and fagacity. In fituations of this kind, both his natural 
and acquired talents are exerted. Three fhephcrds dogs 
are faid to be a match for a bear, and four for a lion. 

Every perfon knows the docility and fagacity of fuch 
dogs as are employed in conducting blind mendicants. 
Johannes Faber, as quoted by Mr. Ray, informs us, that 
he knew a blind beggar who was led through the flreets of 
Rome by a middle-fized dog. This dog, befide leading 
his mafter in fuch a manner as to protect him from all 
danger, learned to diftinguifh not only the flreets, but 
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the houfes where his mafter was accuftomed to receive 
alms twice or thrice a-week. Whenever the animal came 
to any of thefe ftreets, with which he was well acquainted, 
he would not leave it till a call had been made at every 
houfe where his mafter was ufually fuccefsful in his petiti- 
ons. When the beggar began to alk alms, the dog, being 
wearied, lay down to reft ; but the mafter was no fooner 
ferved or refufed, than the dog rofe fpontaneoufiy, and, 
without either order or fign, proceeded to the other hou- 
fes where the beggar generally received fome gratuity. I 
obferved, fays he, not without pleafure and furprife, that, 
when a halfpenny was thrown from a window, fuch was 
the fagacity and attention of this dog, that he went about 
in queft of it, lifted it from the ground with his mouth, 
and put it into his mafter's hat. Even when bread was 
thrown down, the animal would not tafte it, unlefs he 
received a portion of it from the hand of his mafter. 
Without any other inftrudtion than imitation, a maftiff, 
when accidentally fhut out from a houfe which his mafter 
frequented, uniformly rung the bell for admittance. Dogs 
can be taught to go to market with money, to repair to a 
known butcher, and to carry home the meat in fafety. 
They can be taught to dance to mufic, and to fearch for 
and find any thing that is loft *. 

There is a dog at prefent belonging to a grocer in Edin- 
burgh, who has for fome time amufed and aftonifhed the 
people in the neighbourhood. A man who goes through 
the ftreets ringing a bell and felling penny pies, happen- 
ed one day to treat this dog with a pie. The next time 
he heard the pieman's bell, he ran to him with impetuo- 
fity, feized him by the coat, and would not fuffer him to 
pafs. The pieman, who underftood what the animal 
wanted, ihowed him a penny, and pointed to his mafter, 
who ftood in the ftreet-door, and faw what was going on. 
The dog immediately fupplicated his mafter by many 
humble geftures and looks. The mafter put a penny in- 
to the dog's mouth, which he inftantly delivered to the 
pieman, and received his pie. This trafiick between the 

pieman 



* For thcfe and many other inflances of the fagacity and docility of the dog, the 
jcadcr may confult Synopfis Quadrupcdum a Joanne Raio, p, 6. C3c, S. 
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pieman and the grocer's dog has been daily pra^lifed for 
months paft, and Hill continues. 

Dogs, horfcs, and even hogs, by rewards and punifli- 
nients, and, I am afraid, often by cruelty, may be taught 
to perform adions, as \vc have frequently fecn in public 
exhibitions, which are truly allonifliing. But of thcfe we 
mull not enter into any detail. 

With regard to the horfc, the gentlenefs of his difpofi- 
tions, and the docility of his temper, are fo well and fo 
unlverlally known, that it is unnecellary to dwell long 
upon the fubjed:. To give fome idea of what inflrudion 
horfes receive when in a domellic Hate, we fiiall mention 
fome traits of their form and manners when under no re- 
ftraints. In South-America the horfes have multiplied 
prodigioufly, and, in that thinly-inhabited country, live in 
perfed freedom. They lly from the prefence of man. 
They wander about in troops, and devour, in immeiife 
meadows, the productions of a perpetual fpring. Wild 
horfes are ftrongcr, lighter, and more nervous, than the 
generality of thofe which are kept in a domeflic flate. 
They are by no means ferocious. Though fuperior in 
ftrength to moft animals, they never make an attack. — 
When affaulted, however, they either difdain the enemy, 
orftrikchim dead with their heels. They aflbciate in 
troops from mutual attachment, and neither make war 
with other animals nor among themfelves. As their ap- 
petites are moderate, and they have few objects to excite 
envy or difcord, they live in perpetual peace. Their man- 
ners are gentle, and their tempers focial. Their force 
and ardour are rendered confpicuous only by marks of 
emulation. They are anxious to be foremoft in the courfe, 
to brave danger in crofling a river, or in leaping a ditch 
or precipice ; and, it is faid, that thofe horfes which are 
moft adventurous and expert in thcfe natural exercifes, 
are, when domefticated, the moft generous, mild, and 
tradable. 

Wild horfes are taken notice of by feveral of the an- 
cients. Herodotus mentions white wild horfes on the 
banks of the Hypanis, in Scythia. He likewife tells us, 
that, in the northern part of Thrace, beyond the Danube, 

there 
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there were wild horfes covered all over with hair five 
inches in length. The wild horfes in America are the 
offspring of domeftic horfes originally tranfported thither 
from Europe by the Spaniards. The author of the hif- 
tory of the Buccaneers * informs us, that troops of horfes, 
fometimes confifting of 500, are frequently met with in 
the ifland of St. Domingo ; that, when they fee a man, 
they all flop ; and that one of their number approaches 
to a certain diftance, blows through his noftrils, takes 
flight, and is inftantly followed by the whole troop. He 
defcribes them as having grofs heads and limbs, and long 
necks and ears. The inhabitants tame them with eafe, 
and then train them to labour. In order to take them, 
gins of ropes are laid in the places where they are known 
to frequent. When caught by the neck, they foon flran- 
gle themfelves, unlefs fome perfon arrive in time to dif- 
entangle them. They are tied to trees by the body and 
limbs, and are left in that fituation two days without vic- 
tuals or drink. This treatment is generally fufEcient to 
render them more tradable, and they foon become as 
gentle as if they had never been wild. Even when any 
of thefe horfes, by accident, regain their liberty, they 
never refume their favage ftate, but know their mailers, 
and allow themfelves to be approached and retaken. 

From thefe, and fimilar fafts, it may be concluded, 
that the difpofitions of horfes are gentle, and that they 
are naturally difpofed to affociate with man. After they 
are tamed they never forfake the abodes of men. On the 
contrary, they are anxious to return to the ftable. The 
fweets of habit feem to fupply all they have loft by flave- 
ry. When fatigued, the manfion of repofe is full of 
comfort. They fmell it at confiderable diftances, can dif- 
tinguifh it in the midft of populous cities, and feem uni- 
formly to prefer bondage to liberty. By fome attention 
and addrefs colts are firft rendered tradable. When that 
point is gained, by different modes of management, the 
docility of the animal is improved, and they foon learn 
to perform with alacrity the various labours afiigned to 
them. The domeftication of the horfe is perhaps the no- 

bleft 

* L'PIlft. dcs Avantcur. nibuflicrs. fm. i. pag. tio. S. 
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bled acquifition from the animal world which has ever 
been made by the genius, the art, and the induftry of 
man. He is taught to partake of the dangers and fatigues 
of war, and feems to enjoy the glory of vidory. He en- 
counters death with ardour and with magnanimity. He 
delights in the tumult of arms, and attacks the enemy 
with refolution and alacrity. It is not in perils and con- 
flifts alone that the horfe co-operates with the difpofitions 
of his mafler. He even feems to participate of human 
pleafures and amufements. He delights in the chace and 
the tournament, and his eyes fparkle with emulation in 
the courfe. Though bold and intrepid, however, he does 
not allow himfelf to be hurried on by a furious ardour. 
On proper occafions, he reprelTes his movements, and 
knows how to check the natural fire of his temper. He 
not only yields to the hand, but feems to confult the in- 
clination, of his rider. Always obedient to the imprefii- 
ons he receives, he flies or ftops, and regulates his moti- 
ons folely by the will of his mafter. 

Mr. Ray, who wrote about the end of lafl: century, in- 
forms us, that he had feen a horfe who danced to mufic, 
who, at the command of his mafter, affe£led to be lame, 
who fimulated death, lay motionlefs with his limbs ex- 
tended, and allowed himfelf to be dragged about, till 
fome words were pronounced, when he inftantly fprung 
up on his feet *. Facls of this kind would fcarcely re- 
ceive credit, if every perfon were not now acquainted with 
the wonderful docility of the horfes educated by Aftley, 
and other public exhibitors of horfemanfliip. In exhibi- 
tions of this kind, the docility and prompt obedience of 
the animals deferve more admiration than the dexterous 
feats of the men. 

Animals of the ox-kind, in a domeftic flate, are dull 
and phlegmatic. Their fenfibility and talents fcem to be 
very limited. But we fhould not pronounce rafiily con- 
cerning the genius and powers of animals in a country 
where their education is totally neglected. In all the 
fouthern provinces of Africa and Afia, there are many 
wild bifons, or bunched oxen, which are young and tam- 
ed. 

• Rail SynopfM Animalium Quadrupcdum, pag. lo. S. 
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ed. They are foon taught to fubmit, without refift- 
ance, to all kinds of domellic labour. They become 
fo tradable, that they are managed with as much eafe as 
our horfes. The voice of their mafter is alone fufficient 
to make them obey, and to dired: their courfe. They 
are fhod, curried, carefled, and fupplied abundantly with 
the beft food. When managed in this manner, thefe ani- 
mals appear to be different creatures from our oxen* 
The oxen of the Hottentots are favourite domeftics, com- 
panions in amufements, affiftants in all laborious exer- 
cifes, and participate the habitation, the bed, and the 
table of their mafters. As their nature is improved by 
the gentlenefs of their education, by the kind treatment 
they receive, and the perpetual attention beftowed on 
them, they acquire fenfibility and intelligence, and per- 
form adions which one would not expe6t from them. The 
Hottentots train their oxen to war. In all their armies 
there are confiderable troops of thefe oxen, which are ea- 
fily governed, and are let loofe by the chief when a pro-* 
per opportunity occurs. They inftantly dart wkh impetu- 
ofity upon the enemy. They flrike with their horns, kick, 
overturn, and trample under their feet every thing that op- 
pofes their fury. They run ferocioufly into the ranks, which 
they foon put in the utmoH: diforder, and thus pave the 
way for an eafy victory to their mafters*. _ Thefe oxen 
are likewife inftrucled to guard the flocks, which they con- 
dud with dexterity, and defend them from the attacks of 
ftran'^ers, and of rapacious animals. They are taught to 
diftin^^uilh friends from enemies, to underftand fignals, 
and to obev the commands of their mafter. When paf- 
turing, at the fmalleft fignal from the keeper, they bring 
back and colled the wandering animals. They attack all 
ftrangers with fury, which renders them a great fecurity 
againit robbers. Thefe brackeleys, as they are called, 
know every inhabitant of the kraal, and difcover the 
fame marks of refped for all the men, women, and chil- 
dren, as a dog does for thofe who live in his mafter's 
houfe. Thefe people mav, therefore, approach their cattle 
with the greateft fafety. ' But if a ftranger, and particu- 

F f f larly 

* Voyage dc Cap, par Kolbc, torn. i. pag. 160. S, 
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larly an European, fliould ufe the fame freedom, wilhouf 
being accompanied with one of the Hottentots, his lite 
wo'-ld be in imminent danger*. 

3twithltanding the many furprifmg actions which 
d -'ftnt quadrupeds may be taught to perform, none ot 
t' , though their organs are much more perfed than 
t .oi'e of birds, have ever been able to pronounce articu- 
late founds. But many birds, vi'ithout much inftrudion, 
learn to pronounce words, and even fentenccs. In par- 
rots, the dilHnguifliing accuracy of their ear, the acute- 
nefs of their attention, and their ftrong inllindive propen- 
fity to imitate founds of every kind, have jullly procured 
them univerfal admiration. When in a (late of domcfti- 
catlon, the parrot learns to pronounce the common llrcet 
calls, bcfide many words and phrafes occafionally employ- 
ed by the family in which he refides. Tho' the limitation of 
his mental powers does not permit him to learn any extent 
of languge, or the proper ufe and meaning of words, he 
not unfrequently difcovers the aflbciation between the ob- 
ject and the found. A woman every morning paflcd the 
window, where a parrot's cage was fixed, calling fait. 
The parrot foon learned to imitate the call. But, before 
any found could be heard, he no fooner cafl his eye upon 
the woman than he uttered her ufual call. In this ami 
many other fimilar cafes, the objeds and the founds arc 
evidently connected in the mind of the animals. How 
far thej'e alfociations might be carried by a patient and 
perfevering education, it is difficult to determine. In this 
manner, however, parrots might be taught a confidera- 
ble vocabulary of fubftantive nouns, or the proper names 
of common objects. But his intelled, it is more than 
probable, would never reach the ufe of the verb, and 
other parts of fpeech. 

Befidc parrots, jays, &c. who learn to pronounce ar- 
ticulate founds, there is another race of birds wliofe do- 
cility deferves to be mentioned. Singing birds, thofe 
lively and fpirited little animals, attempt not to articulate. 
But their mufical ears are as delicate and difcerning as 
their voices are melodious and delightful. The vivacity, 

the 
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the extent of voice, and the imitative powers of thefe 
beautiful creatures, have at all times excited the attention 
and conciliated the affedions of mankind. When domef- 
ticated, thefe birds, befide their natural notes, foon ac- 
quire the faculty of fmging confiderable parts of artificial 
tunes. Thefe imitations are effefts of natural inilind. 
But, in exhibitions, I have feen linnets fimulate death, 
and remain perfeftly tranquil and unmoved, when fmall 
cannons were fired, within an inch of their bodies, from 
a wooden fort. Thefe little creatures have even been 
taught to lay hold of a match and fire the cannons them- 
felves. 

The docility and fagacity of animals have always been 
confidered as wonderful. But this wonder is partly the 
effeS: of inattention ; for, though man is unqueftionably 
the chief of the animal creation, the other animals, ac- 
cording to the number of inllindls, or, which amounts 
to the fame thing, according to the mental powers with 
which Nature has endov/ed them, comparatively approach 
to or recede from the fagacity and genius of the human 
fpecies. The whole is a graduated fcale of intelligence. 
A philofopher fhould, therefore, contemplate and admire 
the whole, but fhould never be furprifed at any partial 
exhibitions of the general fcene of intellect and anima- 
tion. 

We fhall conclude this fubje£t with a few remarks con- 
cerning the changes produced in animals by domestica- 
tion. 

Climate and food are the chief caufes which produce 
changes in the magnitude, figure, colour, and conftitu- 
tion, of wild animals. But, befide thefe caufes, there 
are others which have an influence upon animals when 
reduced to a domeflic or unnatural ftate. When at per- 
fect liberty, animals feem to have feleded thofe particular 
zones or regions of the globe which are moft confonant 
to the nature and conftitution of each particular tribe. 
There they fpontaneoufly remain, and never, like man, 
difperfe themfelres over the whole furface of the earth. 
But, when obliged by man, or by any great revolution of 
Nature, to abandon their native foil, they undergo chan- 
ges 
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ges fo great, that, to recognifc and diftiiiiniifli them, re- 
courlc mull be had to the mod accurate examiiiaiion. If 
we add to climate and food, thofe natural caules ot alter* 
ation in free animals, the empire of man over fuch of 
them as he has reduced to fervitude, the degree to which 
tyianny degrades and disfigures Nature, will appear to be 
greatly augmented. The moullon, the llock trom which 
our domeltic iheep have derived their origin, is compara- 
tively a large animal. He is as fleet as a Itag, armed with 
horns and llrong hoofs, and covered with coarle hair. 
With thefe natural advantages, he dreads neither the in- 
clemency of the fKy, nor the voracity of the wolf. By 
the Uviitnofs of his courfe, he not only efcapes from his 
enemies, but he is enabled to refill them by the llrength 
ol his body and the folidity of his arms. How difierent 
is this animal hum our domellic flicep, who are timid, 
^'eak, and unable to defend thcmfelves ? Without the 
protedion oi man, the whole race would foon be extir- 
p.<t -d by rapacious animals and by winter-florms. In the 
waruiell climates of Africa and of Alia, the moullon, 
who is the common parent of the flieep, appears to be lefs 
degenerated than in anv other region. Though reduced 
to a domeftic itate, he has preferved his ftature and hiij 
hair; but the fize of his horns is diminiftied. The fheep 
of Durbary, Kgypt, Arabia, Perfia, kc. have undergone 
greater changes ; and, in proportion as they approach 
toward either pole, they diminifli in fize, in ftrength, in 
fwiftneis, and in courage. Ir. relation to man, they are 
improved in fome articles, and vitiated in others. Their 
coarfe hair is converted into fine wool. But, with regard 
to Nature, improvement and degeneration amount to the 
fame thing ; for both imply an alteration of the original 
confcituticn. 

The ox is more influenced by nourifliment than any 
other domeftic animal. In countries where the palture is 
luxuriant, the oxen acquire a prodigious fize. To the 
oxen of Ethiopia and fome provinces of Afia, the anci- 
ents gave the appellation of Bull-Elephants, bccaufe, in 
thefe regions, they approach to the magnitude of the ele- 
phsmt. This effecl is chiefly produced by the abundance 

of 
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pf rich and fucculent herbage. The Highlands of Scot- 
land, and indeed every high and northern country, af- 
ford (triking examples of the influence of food upon the 
magnitude of cattle. The oxen, as well as the horfes, in 
the more northern parts of Scotland, are extremely di- 
minutive ; but, when tranfported to richer pafture, their 
fize is augmented, and the qualities of their flefh are im- 
proved. The climate has likewife a confiderable influ- 
ence on the nature of the ox. In the northern regions 
of both continents, he is covered with long foft hair. He 
has likewife a large bunch on his fiioulders ; and this de- 
formity is common to the oxen of Afia, Africa, and A- 
merica. Thofe of Europe have no bunch. The Euro- 
pean oxen, however, feem to be the primitive race, to 
which the bunched kind afcend, by intermixture, in the 
fecond or third generation. The difference in their fize 
is remarkably great. The fmall zebu, or bunched ox of 
Arabia, is not one tenth part of the magnitude of the 
-Ethiopian bull-elephant. 

The influence of food upon the dog-kind feems not to 
be great. In all his variations and degradations, he ap- 
pears to follow the diff'erences of climate. In the warm- 
eft climates, he is naked ; in the northern regions, he is 
covered with a coarfe thick hair ; and he is adorned with 
a fine filky robe, in Spain and Syria, where the mild tem- 
perature of the air converts the hair of moft quadrupeds 
into a kind of filk. Befide thefe external variations pro- 
duced by climate, the dog undergoes other changes, 
which proceed from his fituation, his captivity, and the 
nature of the intercourfe he holds with man. His fize is 
augmented or diminiflied by obliging the fmaller kinds to 
unite together, and by obferving the fame condud with 
the larger individuals. The fliortening the tail and ears 
proceeds alfo from the hand of man. Dogs who have had 
their ears and tails cut for a few generations, tranfmit 
thefe defe£ts, in a certain degree, to their defcendents. 
Pendulous ears, the moft certain mark of domeftic fer- 
vitude and of fear, are almoft univerfal. Of many races 
of dogs, a few only have retained the primitive ftate of 

their 
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their ears. Erect ears are now confined to the wolf-dog, 
the fhepherd's dog, and the dog of the North. 

The colour of animals is greatly variegated by domef- 
tication. The dog, the ox, the fheep, the goat, the horfe, 
have alfumed all kinds of colours, and even mixtures of 
colours, in the fame individuals. The hog has chang- 
ed from black to white ; and white, without the inter- 
mixture of fpots, is generally accompanied with elTential 
imperfedions. Men who are remarkably iVir, and whofe 
hair is white, have generally a defed in their hearing, 
and, at the fame time, weak and red eyes, (^ladrupeils 
which are entirely white have likewife red eyes and a dull- 
nefs of hearing. The variations from the original colour 
are mofl: remarkable in our domeftic fowls. In a brood 
of chickens, though the eggs be laid by the fame hen, and 
though the female be impregnated by the fame male, not 
one of them has the fame colours with another. 

Domeftication not only changes the external appear- 
ances of animals, but alters and modifies their natural 
difpofitions. The dog, for example, when in a ftate of 
liberty, is a rapacious quadruped, and hunts and devours 
the weaker fpecies : But, after he has fubmitted to the 
dominion of man, he relinquifhes his natural ferocity, and 
is converted into a mean, fervile, patient, and parafiti- 
cal Have. 
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CHAPTER XVIIL 
Of the Characters of Anhnals, 

ON this fubje£t it never was intended to paint the cha- 
radlers of every fpecies, even of the larger animals. 
The reader will eafily recollect, that, in many parts of 
this work, much has already been faid with regard to the 
tempers, difpofitions, and manners, of a great number of 
animals. Thefe we fhall not repeat, but proceed to fome 
general remarks. 

On every animal Nature has imprinted a certain cha- 
raster, which is indelibly fixed, and diftinguifties the fpe- 
cies. This charafter we difcover by the atlions, the air, 
the countenance, the movements, and the whole external 
appearance. The courage of the lion, the ferocity of the 
tiger, the voracioufnefs of the wolf, the pride of the cour- 
fer, the dulnefs and indolence of the afs, the cunning and 
addrefs of the fox, the affedion and docility of the dog, 
the fubtlety and felfilhnefs of the cat, the mildnefs of the 
fheep, the timidity of the hare, the vivacity of the fquirrel, 
are proper examples. Thefe charadters, when under the 
influence of domeftication, may be modified by education, 
of which rewards and punifliments are the chief inftruments 
employed. But the original character, imprelTed by the 
hand of Nature, is never fully obliterated. Thofe animals 
which feem to have been defined by Nature to liveiri per- 
petual flavery under the dominion of man, have the mildell 
and moft gentle difpofitions. It is pleafant, but, at the 
fame time, fomewhat contemptible, to fee a troop of oxen 
guided by the whip of a child. 

In the human fpecies, the variety of tempers, afieai- 
ons, averfions, and ftudies, is indifpenfibly neceffary for 
fupporting the fecial (late, and carrying on the general 

bufineU 
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bufincfs of life. Some minds are formed for fUidy and 
deep refearch, and others for action, courat;e, ami the ex- 
ertion of bodily powers. The fame variety in the difpofi- 
tions and manners of the different tribes of animals is 
equally ncceflTary for peopling the earth, and for fujiplying 
the reciprocal exigencies of its inhabitants. 

Befide the general fpecihc characters of animals, indi- 
vidual characters, efpecially among the human race, arc 
ftrongly marked, and greatly variegated. In every go- 
vernment, and particvilarly in commercial ftates, human 
characters, independently of the original bias, or genius, 
ftamped by Nature on individual minds, are often fo dif- 
guifed by a thoufand artifices, that it requires not only 
time, but frequent interelling fcenes, before a man can 
difcover the real character even of an intimate compani- 
on. Many men affociate together in the moll harmoni- 
ous manner, and fliow every fymptom of friendfhip and 
attachment ; but, when any of them happens to be dif- 
trelTed, and to require aid, all this apparent friendfliip in- 
flantly vanilhes ; the afpeCl of the countenance, inltead of 
exhibiting fympathy and cordiality, is converted into a 
cold refcrve, and the unfortunate former companion is 
firft fliunned, and then deferted. This pidure of human 
nature, we are forry to remark, is too general ; but, thank 
Heaven, it is not univerfal ; for there always were, and 
ftill are, men of noble and generous minds, who willing- 
ly facrifice part of their own intereft to that of their 
friends. 

With regard to the characters of quadrupeds, befide 
the fpecitic difpofitions which diftinguifli the different 
kinds, each individual pofTelfes a peculiar character by 
which it may be difcriminated from any other. Thefe 
individual characters may be difcovered not only by the 
afpeCt, but by the aCtions, of animals. Some dogs, even 
of the fame race, are furly, churlifh, and revengeful. 
Others are gay, frolickfome, and friendly. The counte- 
nances of men, which always indicate fome part of their 
original and genuine character, are as various as their 
numbers. Though Jefs fubjcd to general obfervution. 
Nature has marked the countenances of every animal, 

even 
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■even down to the infe£l tribes, with feme characleriftic 
ftrokes, which enable them to diftinguifh one another, 
and even to contraQ: particuhir attachments. To us, the 
fmall birds, fuch as fparrows and linnets, appear to be fo 
perfectly fimilar, that, though we had an opportunity of 
feeing great numbers of them collected in one place, it 
'would require much time and attention to be enabled to 
make particular diftindions. After they have brought 
up their young, they affociate promifcuoully in flocks ; 
but, when the genial fpring arrives, a different fcene is 
exhibited. The flocks difappear. Each male has felea- 
ed, courted, and retired with a female to build a nefl:, to 
hatch eggs, and to nourifti and fupport their young. If 
Nature had not fliamped upon every individual a peculiar 
mark, it would be impoflTible that the immenfe multitudes 
who pair, or join in matrimony, fliould be cigpable of dif- 
tinguifliing and adhering faithfully to one another. A 
Ihepherd, who has been long accuflomed to fuperintend a 
numerous flock, knows, by the countenances, and other 
natural or accidental marks, every individual. I knew 
a fliepherd, who not only diftinguiflied every individual 
of above two hundred flieep, but gave to each a particu- 
lar name. 

The charaQers of quadrupeds, and even of fome birds, 
are indicated by obfcure refemblances between the linea- 
ments of their faces, and thofe of men of different fea- 
tures and difpofitions. Some men, in the general ex- 
preflion of their countenances, refemble goats, others 
fheep, others oxen, others fwine, others lions, others 
dogs, others foxes, others owls, others hawks.^ ^ Even- 
in particular races of the fame fpecies, fnnilarities ot 
this kind may be traced. I know fome men who re- 
femble terriers, others greyhounds, others fpaniels, others 
the fhepherd's dog, others the lap-dog, &c. Some of 
thefe refemblances may be regarded as fanciful, and per- 
haps they frequently are. But, in general, when the refem- 
blance to a particular animal is fl:rongly marked in the 
human countenance, the difpofitions of the man have a. 
ftriking affinity to thofe of the" animal. Men who re- 
femble"^ the fox are uniformly cunning and deceitful. 
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Thofe who rcfemble the ox are dull, ftupiJ, and phleg- 
matic. Thofe who refemble the lion are bold, open, ge- 
nerous, and witty. Thofe who refemble the cat are cir- 
cumfpcft, defigning, and avaricious. Thofe who refem- 
ble the greyhound are vigilant, adive, and fmart. Thofe 
who refemble the lap-dog are vain, prefumptuous, petu- 
lant, and lafcivious. Thofe who refemble the fow are* 
difgullful both in their appearance and in their difpofiti- 
ons. Thofe who refemble a crofs-madc horfe are cru- 
el, unfeeling, and highly felfifh, Thofe who refemble 
the fpaniel, of whom the examples are numerous, are 
fawning, mean, and parafitical. Thofe who refemble the 
fhcep are dull, timid, and inoft'enfive. Thofe who refem- 
ble the goat are fanciful, obftinate, and libidinous. Thofe 
who refemble a fine horfe are intrepid, generous, trada- 
ble, and good-humoured. ITiofe who refemble a hawk 
are quick, defultory, and ingenious. Thofe who refem- 
ble the owl are dark, defigning, and treacherous. Thofe 
who refemble the bee are adive, ignorant, and induftri- 
ous. It is needlefs to multiply examples. Every man's 
recolledion and obfervation will furnifli him with num- 
berlefs coincidences between the fimilarities in ftrudure 
and features to particular animals, and the form, difpofi- 
tions, and manners, of the men who poffefs them. 

Comparifons have been inflituted, and analogies traced, 
between the ftrudure, afped, and difpofitions, of fome 
quadrupeds and thofe of certain birds, which fhow a uni- 
formity in the general plan of Nature. Among birds, as 
well as quadrupeds, fome fpecies are carnivorous, and 
others feed upon fruits, grain, and various kinds of herb- 
age. The eagle, which is a noble and a generous bird, 
reprefents the lion. The vulture, which is cruel and in- 
fatiable, reprefents the tiger. The kite, the buzzard, and 
the raven, who live chiefly on offals and carrion, repre- 
fent the hyaena, the wolf, and the jackal. The falcon, the 
fparrow-hawk, and other birds employed in hunting, re- 
prefent the dog, the fox, the lynx, &c. The owl, who 
fearchei .'or her prey in the night, reprefents the cat. The 
heron and the cormorant, who feed upon fiflies, reprefent 
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the beaver and the otter. Peacocks, hens, and all other 
birds which have a crop, or craw, reprefent oxen, Iheep, 
goatSi and other ruminating animals. 



CHAPTER XIX. 



Of ths Principle of Imitation, 

IMITATION neceflarily implies fome degree of intel- 
ligence. All animals, particularly thofe of the more 
perfect kinds, are endowed with the principle of imitati- 
on. The confequence is obvious, that all animals poffefs 
a certain portion of intelleftual power. In man, the prin- 
ciple of imitation appears at a very early period of his 
exiftence. In the more advanced ftages of life, this 
principle is fo interwoven with other motives of afl- 
ing and thinking, that it is difficult to diftinguifh it as 
a feparate inftinft, and equally difficult to conquer the 
habits and prejudices to which it has given rife. The lefs 
a man has cultivated his rational faculties, the more 
powerful is the principle of imitation over his anions and 
his habits of thinking. Moft women, of courfe, are 
more influenced by the behaviour, the fafhions, and the 
opinions of thofe with whom they affociate than men. 
From this almoft irrefiftible inftind, we fhould learn the 
extreme danger of frequenting the company of the dilfo- 
lute and unprincipled ; for bad habits are foon acquired, 
but very difficult to conquer. It is a comfortable circum- 
fiance, however, that if men, efpecially When young, are 
fortunate enough to fall in with the fociety of the virtu- 
ous and intelligent, the principle of imitation, fo bene- 
volent is Nature, ads with redoubled force. If we at- 
tend to our own feelings, we muft acknowledge, that, in 
the acquifition of bad habits, there is an evident force 
upon our natural inclinations, but that, in virtuous aflo- 
^ ciations. 



T y E PHILOSOPHY 



ciations, the mind acquiefces with pleaiure, and fccis no 

j cltraint in complying with the examples it perceives, nor 
in acquiring the correfpondent liabits. We are prone to 
evil ; but, when not corrupted by improper imitations, 
Nature has made us much more prone to good. 

ArtifKial language, which we learn entirely by imita- 
tion, diitinguiflies us, more than any other circumltance^ 
from the brute creation. The proper ufe ot it likewife 
forms the chief dilTeronce between one man and another ; 
for, by language, one man difcovers a fupcriorily of know- 
ledge and of genius, while others exprefs by it nothing 
but borrowed or confufed ideas. In an ideot, or in a 
parrot, it marks only the molt abject degree of Itupidiry. 
It fhows the incapacity of either to produce a regular 
chain of thinking, though both of them be endowed with 
organs capable of exprefling what palfes within their 
minds. Men whofe fenles are delicate, and whole minds 
are eafily alfeded, make the belt adors, and the bed 
mimics. Children, accordingly, are extremely alert 
in imitating the actions, the gellures, and the man- 
ners, of thole with whom they aflbciate. They arc dex- 
terous in ])erceiving ridiculous figures and reprefentati- 
ons, which they imitate with cafe and propriety. Hence 
we perceive, in the education of children, the infinite im^ 
portance of regulating the principle of imitation. 

The education of the inferior animals, though fhort, is 
always fuccefsful. By imitation, they foon acquire all 
the knowledge poifeffed by their parents. They not on- 
ly derive experience from their own feelings, but, by imi- 
tation, they learn and employ the experience of others. 
Young animals model their adions entirely upon thofe of 
the old. They fee their feniors approach or fly when they 
perceive particular objects, hear particular founds, or fmell 
certain odours. At firft, they approach or fly without any 
other determining principle but that of imitation. After- 
wards, they approach or fly fpontaneoufly, becaufe they 
have then acquired the habit of approaching or flying, 
whenever they feel the fame or fimilar fenlations. Many 
infl:incls, as terror upon hearing particular founds, the 
appearance of natural enemies, the felection of food, &c. 

fcem 
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feem to be partly the efFeds of imitation. It is remarked 
by Ulloa, that, in the year 1743, the dogs in Juan Fer- 
nandes had loft the faculty of barking. When affociated 
•with other dogs, it was with great difficulty that they 
again learned, by imitation, to bark. The caufe of thefe 
dogs lofmg the expreffion of their ufual language in a 
donveftic ilate, it is not eafy to inveftigate. Perhaps, by 
the aid of experience, and their own fagacity, they difco- 
vered that barking warned their prey to efcape from dan-" 
ger. The jackals, however, who are confidered as be- 
longing to the dog-kind, not only hunt in packs, but, 
during the chace, make a loud and a hideous noife. Mr. 
White, in his Natural Hiftory of Selborne, a work which 
contains much information, and difcovers a good and be* 
nevolent heart in the author, informs us, that he had an 
opportunity of feeing two dogs, a male and a femalci 
which had been brought from Canton in China. Thefe 
dogs, which, in China, are fattened for eating, are about 
the fize of an ordinary fpaniel, and are of a pale yellow 
colour. ' When taken out into a field,' he remarks, ' the 
' bitch Ihowed fome difpofition for hunting, and dwelt 
' on the fcent of a covey of partridges till Ihe fprung them, 
' giving her tongue all the time. The dogs in South- 
' America are dumb ; but thefe bark much in a fhort thick 
< manner, like foxes ; and have a furly favage demeanour, 
' like their anceftors, which are not domefticated, but 
' bred up in fties, where they are fed for the table with 
' rice-meal, and ol;her farinaceous food. Thefe dogs, 
' having been taken on board as foon as weaned, could 
' not have learned much from their dam ; yet they did 
' not relilh flefh when they came to England. In the 
' iflands of the Pacific Ocean, the dogs are bred upon 
' vegetables, and would not eat flefh when offered them 
' by our circumnavigators.' 

From fads of this kind, of which a great number 
might be mentioned, the following obfervations naturally 
arife. Thefe Chinefe dogs, though defcended, probably 
for many generations, from a race of anceftors who never 
had the leaft experience or education in hunting, preferv- 
ed their original inftind of fcenting and purfuing game. 
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The dog is a grofsly carnivorous animal ; for he prefers 
carrion to any other kind of nourifhment ; yet the Chi- 
nefe dogs difcovered no particular relifh for the flcfti of 
animals. Thus it appears, that, by habits, acquired, not 
by the individual, but by a train of anceftors, both the 
tafte and the conditution of animals may be greatly al- 
tered. From the fame fafbs, however, it is equally evi- 
dent, that Nature can never be entirely conquered. The 
moment the Ghinefe dogs firll faw a field, they both 
fcented and hunted game. Imitation and habit fcem to 
have greater effeds upon the mode of living, feeding, and 
the corporeal fabrick, than upon the original inflinds of 
the mind. Thefe dogs, even when they came to England 
after a long voyage, had not acquired the habit of gree- 
dily devouring, like other dogs, either frefh meat or car- 
rion ; but, on the firfl: opportunity afforded to them, they 
difcovered an inclination to hunt. 
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Of the Migration of Animals. 

' I ^HE Hon. Daines Barrington, in his EJfay on the Pe- 
riodical Appearing and Difappearing of certain Birds, 
at different times of the year *, has, by many ingenious 
arguments, as well as curious fafts, rendered it extremely 
probable, that no birds, however ftrong and fwift in their 
flight, can poffibly fly over fuch large trads of the ocean 
as has been commonly fuppofed. He admits partial mi- 
grations, or Jiittings, as he calls them, though he does not 
attempt to afcertain the diftances of thefe flittings. With 
regard to the fwallows, of which there are feveral fpeciej 
in Britain, fome naturalifls, of whom the Hon. Daines 
Barrington is one, are inclined to think that they do not 

leave 
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leave this ifland at the end of autumn, but that they lie 
in a torpid ftate till the beginning of fummer in the 
banks of rivers, the hollows of decayed trees, the receffes 
of old buildings, the holes of fand-banks, and in fimilar 
iS^tuations. That fwallows, in the winter months, have 
fometimes, though very rarely, been found in a torpid 
ftate, is unqueftionably true. Neither is the inference, 
that, if any of them can furvive the winter in that ftate, 
the whole of them may fubfift, during the cold feafon, 
in the fame condition, in the fmalleft degree unnatural. 
Still, however, the numbers of fwallows which appear 
in this ifland, as well as in all parts of Europe, during 
the fummer months, are fo very confiderable, that, if. 
the great body of them did not migrate to fome other 
climate, they ftiould be much more frequently found in 
ai torpid ftate. On the contrary, when a few of thera 
are difcovered in that ftate, it is regarded as a wonder 
even by the country people, who have the greateft oppor- 
tunities of ftumbling upon fadls of this kind. When, 
accordingly, a few fwallows or martins are found torpid, 
in winder, and have been revived by a gentle heat, the 
faa, aAd few fuch fads there are, is carefully recorded 
as fmgular in all the periodical publications of Europe. 

Mr. Pennant informs us, from undoubted authority, 
that fome quails, and other birds which are generally fup- 
pofed to leave this ifland in winter, retire to the fea-coafts, 
and pick up their food among the fea-weeds *. ^ 

'Quails,* Mr. Pennant remarks, « are birds of paflage; 
*fom?entirely quitting our ifland, others ftiifting their 
' quarters. A gentleman, to whom this work hes under 

* great obligations, has alTured us, that thefe birds mi- 
« grate out of the neighbouring inland counties, into 
' the hundreds of Efl"ex in Oaober, and continue there 
« all the wimer : If froft or fnow drive them out of ^h^ 

* ftubble fields and marfties, they retreat to the fea-lide, 
' ftielter themfelves among the weeds, and hve upon what 

* they can pick up from the algse, &c. between high and 

* low water mark. Our friend remarks, that the time 

* Brit. Zool. Vol. I. pag, aio. adcdit. 8vo. S. 
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,* of their appearance in ElTcx coincides witii ilrat of their 

* leaving the inland counties *.* 

A quail, it mufl be allowed, feems to be very much 
unqualified for a long migration ; for its tail is Ihort, the 
bird never rifes more than twenty or thirty feet from the 
ground, and it feldom (lies above three hundred yards at 
a time. Belon, however, an author of great fagacity 
and credit, tells us, that, in his palfage from Rhodes to 
Alexahdrla, many quails, flying from north to fouth, were 
taken in his fhip. From this circumltance, he remarks, 
' I am perfuaded that they fhift places ; for formerly, 
' when I failed out of the Ifle of Zant to Morea, or Ne- 

* gropont, in the fpring, I obferved quails flying the con- 
' trary way, at which time, alfo, a great many were taken 

* in our fliip.* This traverfe they might be enabled to ac- 
complifli by pafling from one ifland to another in the Me- 
diterranean. 

Infliances of fwallows and fome other birds alighting 
on the mafts and cordage of veflels, at confiderable dif- 
tances from any ftiore, are not fo numerous as might be 
expected. Neither have they been often obferved flying 
over feas in great flocks. Mr. Peter CoUinfon, in a letter 
printed in the Philofophical Tranfaclions, fays, ' that Sir 

* Charles Wager had frequently informed him, that, in 

* one of his voyages home in the fpring, as he came into 
' foundings in our channel, a great flock of fwallows al- 
' moft covered his rigging ; that they were nearly fpent 

* and famiflied, and were only feathers and bones j but, 
' being recruited by a night's red, they took their flight 
' in the morning.' 

M. Adanfon, in his voyage, informs us, that, about fifty 
leagues from the coaft of Senegal, four fwallows fettled 
upon the fhip, on the fixth day of October ; that thefe 
birds were taken ; and that he knew them to be the true 
fwallow of Europe, which he conjedures were then re- 
turning to the coafl of Africa. The Hon. Daines Bar- 
rington, with more probability, fuppofes that thefe fwal- 
lows, inftead of being on their paffage from Europe, were 

only 
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only flitting from the Cape de Verde iflands to the 
continent of Africa, a much (horter flight, but to which 
they feemed to be unequal, as they were obliged, from 
fatigue, to light upon the fliip, and fall into the hands of 
the failors. 

Swallows, Mr. Kalm remarks, appear in the Jerfies a- 
bout the beginning of April. They are, on their firft 
arrival, wet, becaufe they have juft emerged from the fea 
or lakes, at the bottom of which they had remained in a 
torpid ftate during the whole winter. But, Mr. Kalm, 
who wiflies to fupport the torpidity of fwallows during 
the winter, likewife informs us, that he himfelf met with 
them at fea, nine hundred and twenty miles from any 
land *. 

Thefe, and fimilar fads, the Hon. Daines Barrington 
endeavours to explain, by fuppofmg that birds difcovered 
in fuch fituations, inllead of attempting to crofs large 
branches of the ocean, have been forcibly driven from 
fome coaft by ftorms, and that they would naturally perch 
upon the firfl veflel which came within their view. 

In Britain, five fpecies of fwallows appear in fummer 
and difappear in winter, i. The houfe-fwallow makes 
its appearance about twenty days earlier than the martin, 
or any other of the fwallow-tribe. They are often feen 
about the 1 3th day of April. They difappear about the 
end of September. A few days previous to their depar- 
ture, they aflemble in great flocks on the tops of houfes, 
churches, and trees, from whence they are fuppofed to 
take their flight. This unufual and temporary aficciation 
of numbers indicates the impulfe of fome common in- 
ftindl: by which each individual is actuated. The houfe- 
fwallow is eafily difl:inguiflied from the other fpecies by 
the fuperior forkinefs of its tail, and by a red fpot on 
the forehead, and under the chin. This fpecies builds in 
chimneys, and makes its neft of clay, but leaves the top 
quite open. 2. The martin is inferior in fize to the for- 
mer, and its tail is much lefs forked. The martins ap- 
pear in Britain foon after the hoafe-fwallow. They build 
under the eaves of houfes : The neft is compofed of the 

H h h fame 
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fame mak^rials as thofe of the houfe-fwallow ; but it isccv 
vered above, and a fmall hole only is left in the fide for 
the in<Trefs and egrefs of the birds. The marifns totally 
difappear about the beginning of Odobcr. 3. The fand- 
martin, or bank-martin, is by much the fmalleft of the 
fwallow-kind that vifit Britain. The fand-martins arrive 
verv foon after the houfe-fwallow, and difappear about 
Michaelmas^ They dig confiderable holes in fand-pits 
and in the banks ©f rivers, where they build their nefls, 
which confifl not of mud, like thofe of the former fpecies, 
but of graffes and feathers laid together in a very llovenly 
manner. It is worthy of remark, that thefe birds do not 
employ the cavities they dig in fummer for winter-quar- 
ters ; fince fand-banks, fo perforated, have been carefully 
fearched in the winter, and nothing was found but emp- 
ty nefts*. 4. The fwift, or black martin of Willoughby, 
is the largefl: of our fwallows, and is the latefl of arriving 
in this country ; for the fwifts are feldom feen till the be- 
ginning of May, and commonly appear, not in flocks, but 
in pairs. Swifts, like the fand-martins, carry on the bu- 
finefs of incubation in the dark. They build in the cra- 
nies of caflles, towers, and fteeples. Straw and feather* 
are the materials they, ufe. They difappear very early ; 
tor they are almoft never feen after the middle of Auguft:. 
5. The goatfucker, which belongs to the fwallow-tribe, is 
likcwife a bird of pafTage. Like the other fwallows, it 
feeds upon winged infeds. But, inllead of purfuing its 
prey during the day, it flies only in the night, and feizes 
moths, and other nofturnal infects. From this circum- 
ftance, it has not improperly received the appellation of 
the mfturnal f-jjalloiu. The goatfucker ftays only a fhort 
time in Britain. It appears not till about the end of May, 
and retires in the middle of Auguft. It lays its eggs, 
which are commonly two, and fometimes three, on the 
bare ground. 

To give catalogues of the numerous birds of palfagc 
which frequent this ifland, as well as other countries, and 
to mark the times of their arrival and departure, would 
be deviating cntirelv from our plan. For circumftances 

of 

* W hiic'i Nitural Ilillory of Sclborne, psj. 177. S. 



OF NATURAL HISTORY. 427 

of this kind, the curious may confult Catefby, Klein, 
Linnsei Amoenitates Academicae, White, &c. But, as 
the periodical appearance and difappearance of the fvval- • 
low-tribe have given rife to different theories and opinions, 
we (hall briefly relate thofe opinions, and conclude with 
fome remarks on migration in general. 

Herodotus and Profper Alpinus mention one fpecies of 
fwallow which refides in Egypt during the whole year * ; 
and Mr. Loten, late governor of Ceylon, alTured Mr. 
Pennant, that thofe of Java never remove. If thefe be 
excepted, all the other known kinds retreat or migrate 
periodically. Swallows migrate from almoft every climate. 
They remove from Norway f, from North-America |, 
from Kamtfchatka §, from the temperate parts of Europe, 
from Aleppo ||, and from Jamaica %. 

Concerning the periodical appearance and difappear- 
ance of fwallows, there are three opinions adopted by 
different naturalifts. The firft and moft probable is, that 
they remove from climate to climate at thofe particular 
feafons when winged infeds, their natural food, fails m 
one country or diPcria and abounds in another, where 
they likewife find a temperature of air better fuited to 
their conftitutions. In fupport of this opinion, we have 
the teftimonv, as formerly mentioned, of Sir Charles 
Wager, of M. Adanfon, and of many navigators. It is 
equally true, however, that fome fpecies of fwallows have 
been occafionally found in a torpid ftate during winter. 
Mr Collinfon gives the evidence of three gentlemen who 
were eye-witnefles to a number of fand-mar tins being 
drawn out of a cliff on the Rhine in the month of March 
1762**. The Hon. Daines Barrington, in the year 1768, 
. communicated to Mr. Pennant, on the authority of the 
late Lord Belhaven, the following fad : ' That nunibers 
« of fwallows have been found in old dry walls, and in land- 
hills near his Lordfhip's feat in Eafl-Lothian ; not once 

' only, 

* Profp. Alp. torn. i. pa,^. 198. S. 
t Pontopp. Hift. Norw. ii. 98, S. 

Catelby's Carol, v. 1. pag. 51. App. 8. S. 
^ Hift. Kamtfchatka, pag. 162. S. t 
11 Ruflel's Alep. pag. 70. S. 
H Phil.Tranf. No. 36. S. 

s » Pliilofopb. Tranfaa. vol. 53, pag. lol. art. 24. a. 
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' only, but from year to year ; and that, when they were 

* expoled to the warmth of a fire, they revived *.* Thefe, 
and other fach of the fame kind, feem to be uncontro- 
vertible; and Mr. Pennant infers from them, that ' we mult 

* divide our belief relating to thefe two lo different opini- 

* ons, and conclude, that one part of the fwallow tribe 
' migrate, and that others have their winter-quarters near 

* homef.* But we Ihoald rather incline to think, with 
thofe naturalills who fuppofe that that the torpid fwallows 
which are occafionally, though very rarely, difcovered in 
the winter feafon, have been obliged to remain behind, 
becaufe they were too young, weak, difeafed, or fuperan- 
nuated, to undertake a long and fatiguing flight. Still, 
however, that the torpidity of the feathered tribes fhould 
be folely confined to the fwallows, is a very fmgular fa£t 
in the hiftory of nature. Among quadrupeds, there are 
many fpecies who lie in a dormant or torpid ftate during 
v/inter. But, if the fwallow be excepted, not a fm;ile 
fpecies of birds, notwithftanding the grc.it r.umbers which, 
at ftated times, appear and difappear in every corner of 
the globe, has ever been difcovered in that Irate. '1 his 
circumftance alone, though we ciinnot yet alctrtain the 
precife pluces to which dilferent fpecies of birds of paf- 
iage rcfort, is a uioll convincing proof of migration in 
gener.il. 

It has been aflTerted, and even believed, by fome natu- 
ralills, that fwallows pafs the winter immerfed under the 
ice, at the bottom of lakes, or beneath the waters ol the 
fea. Glaus Magnus, Archbilhop of Upfal, feems to have 
been the firft who adopted this opinion. He informs us, 
that fwallows are found in great cluflers at the bottoms of 
the northern lakes, with mouth to mouth, wing to wing, 
foot to foot, and that in autumn they creep down the 
reeds to their fubtcrraneous retreats ||. ' That the good 
' Archbifliop,' Mr. Pennant archly remarks, ' did not 
' want credulity in other inflances, appears from this, that, 

* after having flocked the bottoms of the lakes with birds, 

'he 

• Pennant's Briiifli Zoology, vol. 2. pae. 2Ao. 8vo. edit. S. 
t Ibid 2,31. S. 

I Dcibam'i Phyf.-Thcol. pag. 3^9. S, 
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' he ftores the clouds with mice, which fometimes fall in 

* plentiful (howers on Norway and the neighbouring coun- 
' tries !' Klein has endeavoured to fupport the notion that 
fwollows lie under water during the winter, and gives 
the following account of their manner of retiring, which 
he coUeded from fome countrymen : They alTerted, he 
tells us, that the fwallows fometimes affembled in num- 
bers on a reed till it broke and funk them to the bottom : 
That their immerfion was preceeded by a kind of dirge, 
which iaited more than a quarter of an hour : That others 
united, laid hold of a fliaw with their bills, and plunged 
down in fociety : That others, by clanging together with 
their feet, formed a large mafs, and in this manner com- 
mitted themfelves to the deep f . 

Two reafons feem to render this fuppofed fubmerfion 
of fwallows impolTible. In the firft place, no land-animal 
can exift fo long without fome degree of refpiration. 
The otter, the feal, and water fowls of all kinds, when 
confined under the ice, or entangled in nets, foon perifh ; 
yet it is well known, that animals of this kind can re- 
main much longer under water than thofe who are des- 
titute of that peculiar ftrudure of the heart which is 
necelTary for any confiderable refidence beneath that pe- 
netrating element. Mr. John Hunter, in a letter to Mr. 
Pennant, informs us, ' That he had dilfefted many fwal- 
' lows, but found nothing in them different from other 
« birds as to the organs of refpiration : That all thofe 

* animals which he had diffefted of the clafs that fleep 
' during winter, fuch as Hzards, frogs, &c. had a very 
' different conformation as to thofe organs : That all thofe 

* animals, he believes, do breathe in their torpid ftate ; 
' and, as far as his experience reaches, he knows they 
« do ; and that, therefore, he efteems it a very wild opi- 
' nion, that terreilrial animals can remain any long time 
' under water without drowning.' Another argument 
againft their fubmerfion arifes from the fpecific gravity 
of the animals themfelves. Of all birds, the fwallow 
tribes are perhaps the lighteft. Their plumage, and the 
comparative fmallnefs of their weight, indicate that Na- 
ture 

t Klein Prod. Hift. Avium, pag. 205-206. S. 
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ture tleflined them to be alinoft perpetunlly on the w'ln^ 
in quefl of food. From this fpecific lii^luiicls, the fub- 
merlion of fwallows, and their continuing for months 
under water, amount to a phyfical importibility. Kven 
water-fowls, when they wilh to dive, are oblijjjcd to rife 
and plunge with confiderable exertion, in order to over- 
come the refiftance of the water. Klein's idea of fwal- 
lows employing reeds and flraws as means of fubmerlion 
is rather ludicrous ; for thefe light fubftances, inltead of 
being proper inllruments for alliRing them to reach the 
bottom, would infallibly contribute to fupport them on 
the furface, and prevent the very objeft of their intention. 
Befides, ailmitting the poflibility of their rejiching the 
bottom of lakes and leas, and fuppofing they could cxilt 
for feveral months without refpiration, What would be 
the confequence ? The whole would foon be devoured by 
otters, ieals, and filhes of various kinds. Nature is al- 
ways anxious for the prefervation of fpecies. But, if 
the fwallow tribes were deltined to remain torpid, during 
the winter months, at the bottom of lakes and feas, fhe 
would acl in oppofition to her own intentions j for, in a 
feafon or two, the whole genus would be annihilated. 

Mr. White of Selborne has favoured us with the fol- 
lowing information concerning the migration of fwal- 
lows : * If ever I faw,' fays he, ' any thing like actual 

* migration, it was lafl: Michaelmas day, 1768. I was 
' travelling, and out early in the morning : At fn il there 

* was a vaO: fog ; but, by the time that I was got fevcn 
' or eight miles from home towards the coalt, the fun 

* broke out into a delicate warm day. We were then on 
' a large heath or common, and I could difcern, as the 

* milt began to break away, great numbers of fwallows 
' clurtering on the (tinted flirubs and buihes, as if they 
' had roofted there all night. As foon as the air became 
' clear and plcafant, rhey all were on the wing at once, and, 
« by a placid and eafy fl%ht, proceeded on fouthward to- 
' wards the fea : After this I did not fee any more flocks, 
' only now and then a ftraggier. When I nfed to rife in 
' a morning lad autumn, and fee the fwallows and mar- 

* tins cluftering on the chimneys and thatch of the neigh- 

* bouring 
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*.bounng cottages, I could not help being touched with 

* fecret delight, mixed with fome degree of mortification: 

* With delight, to obferve with how much ardour and 
' punctuality thofe poor little birds obeyed the ftrong im- 
' pulfe towards migration, or hiding, imprinted on their 
' minds by their great Creator ; and with fome degree of 
' mortification, when I refled.ed, that, after all our pains 
' and enquiries, we are yet not quite certain to what 
' regions they do migrate and are flill farther embar- 
' railed to find, that fome do not aftually migrate at all*/ 

In another part of his work, Mr. White fays: * But 
' we muft not deny migration in general ; becaufe migra- 
' tion certainly does fubfift in fome places, as my brother 
' in Andalufia has fully informed me. Of the motions of 
,* thefe birds he has ocular demonftration, for many weeks 
' together, both fpring and fall : During which periods, 
' myriads of the fwallow-kind traverfe the Straits from 
« north to fouth, and from fouth to north, according to 
« the feafon. And thefe vaft migrations confift not only 
< of hirudines (fwallows), but of bee-birds, hoopoes, oro- 
« pendulos, or golden-thruJJjes, kc. &c. and alfo many of 

* our foft-billed fummer birds of pajage ; and, moreover, 
' ' of birds which never leave us, fuch as all the various^ 

« forts of hawks and kites. Old Belon, two hundred years 

* ago, gives a curious account of the incredible armies of 
' hawks and kites, which he faw in the fpring-time tra- 

* verfing the Thracian Bofphorus from Afia to Europe. 
« Befide's the above mentioned, he remarks, that the pro- 

* celTion is fwelled by whole troops of eagles and vul- 
' tures f 

Mr. White, likewife, with much propriety, remarks, 
that our inquiries concerning the migration of birds have 
been too much confined to the fwallow tribes, while little 
attention has been paid to the Ihort-winged birds of paf- 
fage, fuch as quails, red-ftarts, nightingales, white-throats, 
black-caps, &c. All thefe, though feemingly ill qualified 
for long flights, difappear in the winter, and not on^ ot 



« White's Natural Hlfloiy of Sclborne, pag. 64.-63. S. 
+ Ibid. pag. 139. S. 
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them^ notwithflanding their immenfe numbers, has ever 
been found in a torpid ftate. 

To mark the times of the arrival and departure of birds 
of palTage in different countries, and in different diflri^ls 
of the lame countries, and the probable motives arifing 
from the ftate of the country with regard to heat and cold, 
2nd to that of the food peculiar to each kind, would throw 
much light upon the hiltory of migration. To Mr. White 
of Selborne we are obliged for the following lirts of birds 
of paffage which he has obferved in his neighbourhood. 
Thefe lifts are arranged nearly in the order of time. 

Lj/? of Summer Birds of Pafjagc. 



Names. 

1. Wryneck, 

2. Smalleft willow-wren, 

3. Houfe-fwallow, 

4. Martin, 

5. Sand-martin, 

6. Black-cap, 

7. Nightingale, 

8. Cuckoo, 

9. Middle willow-wren, 

10. White-throat, 

11. Red-ftart, 

1 2. Stone-curlew, 

13. Turtle-dove, 

14. Grafshopper lark, 

15. Swift. 

16. Lefs reed-fparrow, 

17. Land-rail, 

18. Largeft willow-wren, 

19. Goat-fucker, or fern- 
owl. 



Ufually appear about 

Middle of March. 

March 23. 

April 13. 

Ibid. 

Ibid. 

Ibid. 

Beginning of April. 

Middle of April. 

Ibid. 

Ibid. 

Ibid. 

End of March. 

Middle of April. 
April 27. 



20. Fly-catcher, 



End of April. 

Beginning of May. 
("May 12. This is the latcft 
\ fummer bird of paffage. 



Moft fofr-billed birds feed upon infeds, and not on 
grain or feeds ; and, therefore, they retire before winter. 

But 
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But the following foft-billed birds, though they eat infeds, 
remain with us during the whole year ; fuch as the red- 
breaft and wren, who frequent out-houfes and gardens 
during the winter, and eat fpiders, &c. ; the hedge-fpar- 
row, who frequents fmks for crumbs and other fweepings ; 
the white wagtail, the yellow wagtail, and the grey wag- 
tail, who frequent lhallow rivulets near the fpring heads, 
where the water feldom freezes, and feed upon the aure- 
lise of infeds ; the wheat-ear, fome of which are to be 
feen during the winter, &c. 

Lijl of Winter Birds of Pajfage in the neighbourhood of Sel- 

borne. 

1 . The ring-oufel *. This bird appears about Michael- 
mas week, and is a new migration lately difcovered by 
Mr. White. . . . 

2. The red-wing f, or wind-thrufh, appears in Britam 
about old Michaelmas. They come in great flocks from 
the frozen regions of the north. 

3. Field-fare ||. Thefe birds vifit Britain in immenfe 
numbers about Michaelmas, and depart about the end of 
February, or the beginning of March. They pafs the 
fummer in the northern parts of Europe, and likewife in 
Lower Auftria §. They breed in the largeft trees, feed 
on benies of all kinds ^, but prefer thofe of the juniper. 
It is probable that the field-fares which migrate into Bri- 
tain come from Norway and the northern regions of £.11- 
rope, becaufe we find that they both breed and winter m 
PrufTia, Auftria**, and the more temperate chmates. 

4. The Royfton-crow ff, or hooded-crow of our coun- 
tryman Sir Robert Sibbald, is likewife a bird of palTage. 
It vifits us in the beginning of winter, and departs with 
the wood-cocks. They frequent the inland as well as the 
maritime parts of Britain. When "^^^'j}^^^^^^'^ 
feed upon crabs, mufcles, and other fhell-fifhes. They 
breed in Sweden, build their nefts in trees, and lay tour 

I i i eggs. 

* Turdus ;orflaa/uf. + Turdus i/i'flc«5. 

U Turdus /«7am. ^ Kramer Elenrh. pag. J- 

f Linn. Faun. Suec. fp. 78. S. 1^* Klein Hift. Armm. pag. 178. S. 
++ Corvu* Cdttiix. 
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eggs*. TheV likcwife breed in the fouthcrn parts of 
Germany, and piiriicularly on the banks of the Danube f. 

5. The wood-cock || appears in this country about 
old Michachnas. During the lummcr, wood-cocks in- 
habit the Alps§, Norway, Sweden f, and the north- 
ern parts of Europe. From thefe countries they retire as 
foon as the froll commences, which obHges them to mi- 
grate into milder climates, where the foil is open, and 
more adapted to their mode of feeding ; for they live on 
worms, which they fearch for with their long bills in 
foft and moid grounds in the midlt of woods. Wood- 
cocks, taking the advantage of the night, or of foggy 
weather, arrive here in Hocks : But they foon feparate ; 
and, before returning to their fummer quarters, they pair. 
They fly and feed during the night. They begin their 
flight in the evening, and return to their retreats in the 
glades when day commences. They depart from Britain 
about the end of February or the beginning of March. 
Some of them, however, like the llraggling fwallows, 
have been known to breed, and to remain here, during 
the whole year **. It is likewife known that wood-cocks 
migrate from France, Germany, and Italy, and that they 
make choice of cold northern climates for their fummer 
relidence. About the end of October they vifit Burgun- 
dy, but remain there four or five weeks only ; becaufe it 
IS a dry country, and, on the firft frofts, they are obliged 
to retire for want of fuftenance. In the winter they are 
found as far fouth as Smyrna, Aleppo ff, and Barbary J J. 
They are even very common in Japan §§. 

6. Thefnipe||||. Snipes are enrolled as birds of paflage 
by Mr. White, though he acknowledges that fome of them 
conif antly breed in England. * In winter,' Mr. Pennant 
remarks, ' fnipes are very frequent in all our marftiy 
* and wet grounds, where they lie concealed in the ruflies, 

' &c. 

♦ Linn. Fdun. Suec. fp. 88. S, + Kramer, pajr. r^^r^. S. 

1! Scolopax Rujluola. ^ Willoughby'4 Omithology, pag. ego. S. 

it M. de GtciN and Dr. Walleriui's letters to Mr. Pennant, S. 

** Pcnnaiu's Britifli Zoolo;;y, vol. 2. pag. 34^. 8vo. S. 

++ RufTcl'* Hiftory ol Aleppo, pag. 64. S. 

XX Shaw's Tiavil's, pag. 253. S. 

4^ Karmpfei's Hid. Japan, vol. 1. pag. 129. S. 

|t Sculopax Gaiiinago. 
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* &c. In the fummer they difperfe to different parts, and 

* are found in the midft of our higheff: mountains as well 
' as our low moors. Their nefl: is made of dried grafs. 

* They lay four eggs of a dirty olive colour, marked with 
' du{ky fpots. Their young are fo often found in Eng- 
' land, that we doubt whether they ever entirely leave 

* this iffand 

7. The jack-fnipe. This bird, which is very common 
in Scotland, and frequents the banks of rivers and lakes, 
is ranked by Mr. White as a winter bird of paifage, with- 
out mentioning either the time of its arrival or departure » 
and Mr. Pennant is entirely filent on the fubject -(-. 

8. The wood-pigeon. Mr. White, without mention- 
ing either the time of their appearing or difappearing, 
tells us, that ' they feldom appear till late j nor in fuch 
' plenty as formerly |.' 

9. The wild fwan ||. During hard winters, this bird 
frequents the coafts of Britain in large flocks ; but from 
any information we have been able to obtain, it does not 
breed in our ifland. Martin in his Hiftory of the He- 
brides, or Weftern ifles §, informs us, that wild fwans 
arrive in great numbers in Lingey, one of the Hebrides, 
in the month of October, and remain there till March, 
when they retire more northward to breed. For this 
purpofe, the fv/ans, like moft other water-fowls, prefer 
fuch places as are leaft frequented by mankind. During 
fummer, the lakes, marflies, and forells of Lapland are 
filled with myriads of water-fowls. In that northern re- 
gion, fwans, geefe, the duck-tribe, goofanders, divers^ 
&c. pafs the fummer ; but in autumn they return to us, 
and to other more hofpitable fhores ^, 

10. The wild goofe. The wdld geefe, it is probable, 
breed in the retired regions of the north. They arrive 
here, in the beginning of winter, and frequently feed on 

our 

* Pennant's Britini Zoology, vol. 2. pag. 358. Svo, S. 
+ White's Natural Hinory of Selbornc, pag. 117. and Pennant'* Bfitifli Zoo- 
logy, vol. 2. pag. 359. 8vo. S. 

% White's Natural Hiftory of Selbornc, pag. 117. S. 
II Anas Cygnus firus. 

\ Dclcription of the Weftern Ifles, pag. 71. S. 

II Linn, Flora Lapponica, pag. 873. Oeuvres dc Maupertuis, torn. 3. pag. 
141. S. 
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our corn grounds. They fly at a great heighth, and ob- 
ferve regularity in their movements. They lometimes 
form a ftraight line ; and, at others, they aflfumc the ftiape 
of a wedge, which facilitates their progrefs through the 
refifting air. 

With regard to the wild-duck, pochard, wigeon, and 
teal, though Mr. White places them in the lift of birds 
of paHTage, he does not mention either the times of their 
arrival or departure. Though it be probable that mofl: 
of the duck-kind migrate, yet it is certain, that fome in- 
dividuals of different fpecies of them breed in this coun- 
try, and continue in it during the whole year. As to 
the duck-kind in general, Mr. Pennant remarks : ' Of 

* the numerous fpecies that form this genus, we know 

* of no more than five that breed here. The tame fivan 
' and tame goofc, the Shield duck, the eider duck, and a 
' very fmall portion of the ivild ducks. The refl contri- 

* bute to form that amazing multitude of water-fowl that 
' annually repair from mofl parts of Europe to the woods 
' and lakes of Lapland, and other Arctic regions *, there 
' to perform the fundions of incubation and nutrition in 
' full fecurity. They and their young quit their retreat 
' in September, and difperfe themfelves over Europe, 
' With us they make their appearance the beginning of 

* October, circulate firfl round our fliores, and, when 

* compelled by fevere froft, betake themfelves to our 

* lakes and rivers |.' 

In winter, the bernacles, or brent-ducks, appear in vafl: 
flocks on the north-weft coafts of Britain. They are 
very (hy and wild ; but, when taken, they foon grow as 
familiar as our domeftic ducks. They leave the Britifli 
fhores in February, and migrate as far as Lapland, Green- 
land, and even Spitfbergen {. 

The folan-geefe, or gannets, are likewife birds of paf- 
fage. They frequent the ifle of Ailfay, near the Frith of 
Clyde ; the rocks adjacent to St. Kilda, the moft remote 
of the Hebrides j the Skelig ifles, off the coaft of Kerry ; 

and 

* CoHcfl. Voyag. Dutch Rail India Company, 8vo, 1703. pag. 19. Clufii £xot- 
pag. -^68. S. 

f Pennant's Britifli Zoology, vol. 2. pag. 519 — 520. S. 

J Linn. Amoca. Acad. torn. 4. pag. ^8^. Barcnt'i Voyage, pag. ig, S 
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tind the Bafs-ifle in the Frith of Forth. The multitudes 
which frequent thefe places are prodigious. To give an 
idea of their numbers, the reader will not be difpleafed to 
fee Dr. Harvey's fliort account of the Bafs. ' There is a 
' fmall ifland in the Frith of Forth, called the Bafs-IJland, 

* which does not exceed a mile in circumference. The 
' furface of this ifland, during the months of May and 

* June, is fo entirely covered with nefts, eggs, and young 
' birds, that it is fcarcely poflible to walk without treading 
' on them. The flocks of birds on the wing are fo prodi- 
' gious, that they darken the air like clouds, and their 
' noife is fo great, that a man cannot without difficulty 
' hear his neighbour *s voice. If, from, the top of the 
« precipice, you look down upon the fea, you will fee it 

* on every fide covered with infinite numbers of birds of 
' dilFerent kinds, fwimming about and hunting for their 

* prey. When failing round the ifland, if you furvey the 

* hanging cliffs, you will perceive, in every cragg, or fif- 
' fure of the rocks, innumerable birds of various kinds, 

* more than the ftars of heaven in a ferene night. If you 

* view the diftant flocks, either flying to or from the ifland, 

* you will imagine them to be a vafl: fwarm of bees *.* 
The rocks of St. Kilda feem to be equally frequented by 
folan geefe ; for Martin, in his defcription of the He- 
brides, informs us, that the inhabitants of this fmall" 
ifland confume annually no lefs than 22,600 young birds 
of this fpecies, befide an amazing number of their eggs. 
The folan geefe and their eggs confl;itute the chief food of 
thefe iflanders. They preferve both the fowls and the 
eggs in fmall pyramidal ftone buildings, which, to pro- 
te<a the food from moifl:ure, they cover with the aflies of 
turf. The folan geefe are birds of paffage. Their firfl: 
appearance is in March, and they continue till Augufl: or 
September. But, in general, the times of their breeding 
and departure feem to coincide with the arrival of the 
herring, and the migration of that fifli from our coafts. 
It is more than probable that thefe birds attend the her- 
rings and pilchards during their whole circuit round the 
Britifti iflands ; for the appearance of the folan geefe is 

always 

* Harvey de Genarat, Animal. Exercit. it. S. 
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always efteemcd by the fifhcrmen ns a certain preHige of 
the approach ot the herrings or pilchards. In queft of 
food, thefe birds migrate as far fouth as the moiitli of 
the Tagus ; for they are frequently fecn oft' Lilbon dur- 
ing the month of December. 

The crofs-beak, the crofs-bill, and the fdk-tail, are like- 
wife enumerated by Mr. White as birds of pafiage. * But 

* thefe,' fays he, ' are only wanderers that appear occa- 

* fionally, and are not obfervant of any regular mi- 

* gration 

The long-legged plover, and fanderling, vifit us in win- 
ter only ; and it is worthy of remark, that every fpecie^ 
of the curlews, wood-cocks, fand-pipers, and plovers f , 
which forfake us in the fpring, retire to Sweden, Poland, 
Pruflia, Norway, and Lapland, both to feed and to breed. 
They return to us as foon as the young are able to fly ; 
becaufe the frofls, which fet in early in thefe countries, 
totally deprive them of the means of fubfdlence. For 
the fame reafon they leave us in fummer, as the drynefs 
and hardnefs of the ground prevent them from penetrat- 
ing the earth with their bills in queft of worms, which 
conftitute the natural food of thefe birds. 

From the fads which have been enumerated, and from 
others of a fimilar nature, it is evident, that many birds, 
both of the land and water kinds, migrate from one cli- 
mate to another. But, even in the fame climate and coun- 
try, birds occafionally perform partial migrations. Dur- 
ing hard winters, when the furface of the earth is cover- 
ed with fnow, many birds, as larks, fnipes, &c. retire 
from the inland parts of the country to the fea-fhores, 
where they pick up a fcanty fubfiftence. Others, as the 
wren, the red-breaft, and many of the fmall birds, or 
fparrow-kind, refort to gardens, and the habitations of 
men. Their intention, it is obvious, is to procure food 
and fhelter. 

There are three principal objeds of migration : Food, 
temperature of air, and convenient fituations for breeding. 
Such birds as migrate to great diltances are alone deno- 
minated 

• White's Natural Hiflory of Selbornc, pag. 118. S. 

+ Linn. Amocn. Acad. torn. 4. pag. Klein dc Avium Mijrat. pag. 187. S. 
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minated birds of pajfage. But all birds are, in fome mea- 
fure, birds of paffage, though they do not migrate to pla- 
ces fo remote from their former abodes. At particular 
times of the year, moft birds migrate from one country 
to another, or from the more inland diftricls toward the 
fhores. Thefe partial migrations of fmall birds are well 
known to bird-catchers, who make a livelihood by en- 
fnaring them into their nets, and felling them. The birds 
Jiy^ as the bird-catchers term it, about the end of Sep- 
tember, and during the months of 0£lober and Novem- 
ber. There is another, but lefs confiderable, flight in 
March. Some begin their flight annually about Michael- 
mas ; others, as the wood-larks, fucceed, and continue 
their flight till the middle of October ; but the green- 
finch does not migrate till the froft obliges it to remove 
in quell of food and flielter. Thefe partial migrations, 
or flittings, are performed from day-break till noon. An- 
other, but fmaller, flight commences at two o'clock, and 
continues till night approaches. The times when parti- 
cular birds migrate from one fituation to another are well 
known to the bird-catchers, who, by m.eans of call-birds, 
nets, and other devices, feize great numbers of them, 
and, after accuflioming them for fome time to reftraint and 
flavery, fell them, for confiderable prices, to curious men 
and whimfical women. A diligent attention to thefe par- 
tial migrations, and their motives, would foon unfold the 
caufes of thofe of a more extenfive kind. 

Migration is generally fuppofed to be peculiar to the 
feathered tribes. This is a limited idea, which has ori- 
ginated from inattention to the ceconomy of nature. 
Birds migrate with a view to remedy the inconveniencies 
of their prefent fituation, and to acquire a more commo- 
dious ftation with regard to food, temperature, genera- 
tion, and flielter. From fimilar motives, men, fometimes 
in amazing multitudes, have migrated from north to 
fonth, difplaced the native inhabitants, and fixed efl:ab- 
liihments in more comfortable climates than thofe which 
ihey had relinquiflied. Thefe, in their turn, have fallen 
viaims to frefli and barbarous emigrants. Among the in- 
/ habitants of the more northern nations, as Norway, Swe- 
I den, 

) 
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den, Scotland, 5cc. notwithflanding a very ftrong attach- 
ment to their native countries, there feems to be a natural 
or inftinftive propenfity to migrate. Poverty, the rigour 
of climate, curiofity, ambition, the falfe reprefentations 
of interefted individuals, the opprcflion of feudal barons, 
and fimilar circumftances, have of late given rile to great 
emigrations of the human fpecies. But, it is worthy of 
remark, that the emigrations from fouth to north, except 
from the love of conqueft in ambitious nations, are fo 
rare, that the inflind feems hardly to exift in thofe more 
fortunate climates. Curiofity is a general inftindive prin- 
ciple, which operates ftrongly in the youthful periods of 
life, and Simulates every man to vifit places that are dif- 
tant from his ordinary refidence. This innate defire is 
influenced by the relations of travellers, and by many 
other incentives of a more interefted kind. Without the 
principle of migration, mankind, it is probable, would 
never have been fo univerUilly diffufed over the furface of 
the earth. It is counterbalanced, however, by attachment 
to thofe countries which gave us birth, a principle flill 
more powerful and eflicient. Love of our native coun- 
try is fo ftrong, that, after gratifying the migrating prin- 
ciple, almoft every man feels a longing defire to return. 

Savages, as long as their (lore of food remains unex- 
haufled, continue in a lifllefs inaclive ftate. They exhaufl; 
many days fitting in perfedl indolence, and feem not to 
be prompted by any motives of curiofity. They have 
not a conception of a man's walking either for amufe- 
ment or exercife. But, when their provifions begin to 
fail, an aftonilhing reverfe takes place. They then roufe 
as from a profound fleep. In quefl of wild beafts, birds, 
and filhes, they migrate to immenfe diftances, exert the 
greateft feats of adivity, and undergo incredible hard- 
fhips and fatigue. After acquiring a ftore of provifions, 
they return to their wonted haunts, and remain inadive 
till their food again begins to fail. 

quadrupeds likewife perform partial migrations. At 
the approach of winter, the flag, the rein-deer, and the 
roebuck, leave the tops of the lofty mountains, and come 
down to the plains and copfes. Their chief objeds, in , 

thefe 
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thefe flittings, are food and (helter. When fummer com- 
mences, they are harraffed with different fpecies of winged 
infects, and, to avoid thefe enemies, they regain the fum- 
mits of the mountains, where the cold and the heighth 
of the fituation protect them from the attacks of the flies. 
In Norway, and the more northern regions of Europe, 
the oxen, during the winter, migrate to the fhores of the 
fea, where they feed upon fea-plants and the bones of 
fifhes ; and Pontoppidan remarks, that the cattle know 
by inftind when the tide retires, and leave thefe articles 
of food upon the fhore. In Orkney and Shetland, the 
fhecp, in winter, for the fame purpofes, uniformly repair 
to the fhore at the ebbing of the tides. Rats, particu- 
larly thofe of the northern regions of Europe, appear, 
from time to time, in fuch myriads, that the inhabitants 
of Norway and Lapland imagine the animals fall from 
heaven. The celebrated Linn^us, who paid great atten- 
tion to the cEConomy of thefe migrating rats, remarked, 
that they appeared in Sweden periodically every eighteen 
or twenty years. When about to migrate, they leave 
their wonted abodes, and affemble together in numbers 
inconceivable. In the courfe of their journey, they make 
tracks in the earth of two inches in depth ; and thefe 
tracks fometimes occupy a breadth of feveral fathoms. 
What is fmgular, the rats, in their march, uniformly 
purfue a flraight line, unlefs they are forced to turn afide 
hy fome unfurmountable obftacle. If they meet with a 
rock, they firft try to pierce it, and, after dil^covermg the 
attempt to be impradicable, they go round it, and then 
refume the flraight line. Even a lake does not interrupt 
their paffage ; for they either traverfe it in a ftraignt line 
or perifh in the attempt ; and, if they meet with a barjc 
or other veffel, they do not alter their direftion, but chmb 
up the one fide of it and defcend by the other. 

Frogs, imiTiediately after their transformation from the 
tadpole ftate, leave the water, and migrate to the mea- 
^dow or marfliy grounds in quell of infeds. Ihe num- 
bers of young frogs, which fuddenly make their appear- 
ance in the plains, induced Rondeletius, and many other 
naturalifls, to imagine that they were generated in tne 
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clouds and fhowered down upon the earth. But if, like 
the worthy and intelligent Dr. Derham, they had exa- 
mined the fituation of the phice witii regard lo llagnating 
waters, and attended to the nature and transformation of 
the animals ihcv would foon have dii'covered ihc real 
caule of the phenomenon. 

Of all migrating aniniaJs, particular kinds of fdhcs 
make the longell journies, and in the greated numbers. 
The multiplication of the fpccies, and the procuring of 
food, are the principal motives of the migration of Hfhes. 
The falmon, a fiih which makes regular migrations, fre- 
quents the northern regions alone. It is unknown in the 
Mediterranean fca, and in the rivers which fall into it 
both from Europe and Africa. It is found in fome of 
the rivers of France that empty themfelves into the oce- 
an *. Salmons are taken in the rivers of Kanitfchatka f , 
and appear as far north as Greenland. Salmons live both 
in the ocean and in frelh waters. For the purpofe of de- 
pofiting their fpawn, they quit the fea in the month of 
September, and afcend the rivers. So ftrong is the in- 
ftintt of migrating, that they prefs up the rivers with 
amazing keennefs, and fcarcely any obltacle is fufficient 
to interrupt their progrels. They ipring, with great agi- 
lity, over cataracts oif feveral feet in heighth. In their 
leaps, they fpring flraight up with a ftrong tremulous mo- 
tion, and do not, as has been vulgarly fuppoied, put their 
tails in their mouths. When they find a place wfiich they 
think proper for depofiting their eggs, the male and fe- 
male unite their labours in forming a convenient recep- 
tacle for the fpawn in the fand, which is generally about 
eighteen inches deep. In this hole the female depofits her 
eggs, and the male his milt, which they are faid to cover 
carefully with their tails ; for, after fpawning, their tails 
are deprived of fkin. The eggs, when not difturbed by- 
violent Hoods, lie buried in the fand till the fpring, and 
they are hatched about the end of March. The parents, 
however, after this important office has been performed, 
haften back to the lea, in order to clcanfe themfelves, 
and to recover their ftrength. Toward the end of March, 

; . the 

* Jlood«lct. dc Fluviat. pa-;. 1 , . Hifl. K-jTritTrh n; ,, ^ i i j. S. 
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tlie young fry begin to appear, and they gradually increafe 
in fize till they acquire the length of four or five inches, 
and are then called fmelts, or fmoults *. About the begin- 
ning of May, all the confiderable rivers of Scotland are 
full of falmon-fry. After this period, they migrate to 
the fea. About the middle of June, the earlielt of the 
fry begin to appear again in the rivers. At that time 
they are from twelve to fixteen inches long, and gradu- 
ally augment, both in number and fize, till about the end 
of July or the beginning of Auguft, when they weigh 
from fix to nine pounds. • This is a very rapid growth. 
But a gentleman of credit at Warrington informed Mr. 
Pennant of a growth ftill more rapid. A falmon, weigh- 
ing feventeen pounds and three quarters, was taken on the 
feventh day of February. It was marked on the back, 
fin, and tail, with fcilfars, and then turned into the river. 
It was retaken on the 17th day of the following month 
of March, and then it weighed feventeen pounds and a 
half. The feafon for fifhing falmon in the Tweed begins 
on the 30th of November, and ends on old Michaelmas 
day. In that fingle river, it is computed that no lefs than 
208,000, at a medium, are annually caught, which, to- 
gether with the produds of many other rivers on both 
lides of Scotland, not only afford a wholefome and pala- 
table food to the inhabitants, but form no inconfiderable 
article of commerce. 

Herrings are likewife aduated by the migratmg prm- 
ciple. Thefe fifties are chiefly confined to the northern and 
temperate regions of the?globe. They frequent the higheft 
latitudes, and are fometimes found on the northern coaits ot 
France. They appear in vaft ftioals on the coaft of America, 
as far fouth as Carolina. In Chefapeak Bay there is an an- 
nual inundation of herrings ; and Mr. Cateiby informs 
us that they cover the fhores in fuch amazing numbers 
as 'to become offenfive to the inhabitants. 1 he great win- 
ter rendezvous of the herrings is within, or near, the 
Araic Circle, where they remain feveral months, and ac- 
quire ftrength after being weakened by the fatigues ot 
^ fpawmng, 

* See an account of the Salmon Fifhery on the River Tweed, communicated 
to Mr. Pennant by Mr. Potts, Brit. Zool. vol. 3. pag. S4J. <5vo. edit. O. 
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fpawning, and of a long migration. In thcTc fcas, infect 
food is much more abundant than in warmer latitudes. 
They begin their migration iouthward in the Ipring, and 
appear otf the Shetland illands in the months of April and 
May. Thcle, however, are only the lorerunners ol the im- 
menfe flioal whicJi arrives In June. Their approach is recog- 
nifed bv particular (igns, luch as the appearance o\ certain 
filhes, the valt number of birds, as gannets or folan geefe, 
which follow the Ihoal to prey upon the herrings. But, 
when the main body arrives, its breadth and depth are 
fo great as to change the appearance ot the ocean itlelh 
The ftioal is generally divided into columns of five or fix 
miles in length, and three or four in breadth. Their 
progrellive motion creates a kind of rippling or fmall un- 
dulations in the water. They fomctimes fink and dif- 
appear for ten or fifteen minutes, and then rife again to- 
ward the furface. When the fun Ihines, a variety of 
fplcndid and beautiful colours are reHedled from their 
bodies. In their progrefs fouthward, the firll: interrup- 
tion they meet with is fri)m the Shetland iflands. Here 
the fhoal divides into two branches. One branch Ikirts 
the eatlern, and the other the wcltern fliores of Great- 
Britain, and fill every bay arKl creek with their numbers. 
Thofe which proceed to the well from Shetland, after 
vifiting the Hebrides, where the great fifhery is carried 
on, move on till they are again interrupted by the north 
of Ireland, which obliges them to divide a fecond time. 
One divifion takes to the weft, where they are fcarcely 
perceived, being loon loft in the immenfity of the Atlan- 
tic Ocean. The other divifion goes into the Irifh Sea, 
and affords nouriflmient to many thoufands of the human 
race. The chief objett of herrings migrating fouthward 
is to depofit their fpawn in warmer and more (hallow 
feas than thole of the Frigid Zone. This inftind feems 
not to be prompted by a fcarcity of food ; for, when they 
arrive upon our coafts, they are fat and in fine condition ; 
but, when returning to the ocean, they are weak and 
emaciated. They continue in perfection from the end 
of June to the beginning of winter, when they begin to 
depofit their fpawn. The great ftations of the herring 

fiftieries 
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fifiieries are off the Shetland and the weftern ifiands, and 
along the coaft of Norfolk. 

Befide falinons and herrings, there are many fifties 
which obferve a regular migration, as mackarels, lam- 
preys, pilchards, &c. About the middle of July, the 
pilchards, which are a fpecies of herrings, though fmal- 
ler, appear in vafl fhoals off the coafts of Cornwall. 
When winter approaches, like the herrings, they retire 
to the Ardic feas. Though fo nearly allied to the her- 
ring, it is not incurious to remark, that the pilchards, 
in their migration for the purpofe of fpawning, choofe 
a warmer latitude ; for, off the coalts of Britain, the 
great flioals never appear farther north than the county 
of Cornwall and the Scilly iflands. Dr. Borlafe, in his 
hiftory of Cornwall, gives the following account of the 
pilchard fifliery : ' It employs,' fays he, ' a great number 
' of men on the fea, training them thereby to naval af- 
' fairs ; employs men, women, and children at land, in 
' faking, preffing, wafliing, and cleaning, in making 
' boats, nets, ropes, calks, and all the trades depending 
' on their conftruftion and fale. The poor is fed with 
' the offals of the captures, the land with the refufe of 
' the fifti and fait ; the merchant finds the gains of com- 
' miffion and honeft commerce, the fiflierman the gains 
' of the fifli. Ships are often freighted hither with fait, 
< and into foreign countries with the fifti, carrying off, 
' at the fam-e time, part of our tin. The ufual produce 
' of the number of hogflieads exported each year, for 
' ten years, from 1747 to 1756 inclufive, from the four 
« ports of Tawy, Falmouth, Penzance, and St. Ives, it 
' appears, that Tawy has exported yearly 1732 hogflieads; 
' Falmouth, 1463 i hogflieads and two-thirds; Penzance 
' and Mounts-Bay, 12149 hogflieads and one-third; St. 
« Ives, 12S2 hogflieads : In all amounting to 29,795 hogf- 
' heads. Every hogfliead, for ten years laft part, together 
' with the bounty allowed for each hogfliead exported, 
' and the oil made out of each hogfliead, has amounted, 
' one year with another at an average, to the price ot 
* one pound thirteen fliillings and three pence ; fo that 
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* the cafli paid for pilchards exported has, at a medium, 
' annually amounted to the fum of L.49,5'^2 : 10: o.' 

Of the land-crab there arc feveral fpecies. The mi- 
cration of what is called the vio/ct hind-crab dcfervcs lome 
notice. It inhabits the warmer regions of Europe : But 
its particular refidence is in the tropical climates of Afri- 
ca and America. Land-crabs generally frequent the 
mountainous parts of the country, which are, ot courfe, 
mofl remote from the fea. They inhabit the hollows ot 
old trees, the clefts of rocks, and holes which they them- 
felves dig in the earth. They are extremely numerous. 
In the months of April and May, they leave their retreats 
in the mountains, and march in millions to the fea-fhore. 
At this period the whole ground is covered with them ; 
and a man can hardly put down his foot without tread- 
ing on them *. The object of their migration is to de- 
pofit their fpawn on the fea-fiiore. In their progrcfs to- 
wards the fea, like the northern rats, the land-crabs move 
in a If raight line. Even when a houfe intervenes, inftead 
of deviating to the right or left, they attempt to fcale the 
walls. But, when they meet with a river, they are oblig- 
ed to wind along the courfe of the ftream. In their mi- 
gration from the mountains, they obferve the greatell re- 
gularity, and commonly divide into three battalions, or 
bodies. The firft confifts of the ftrongeft and boldeft 
males, who, like pioneers, march forward to clear the 
route, and to face the greateft dangers. The females, 
who form the main bodv, defcend from the mountains 
in regular columns, which are fifty paces broad, three 
miles long, and fo clofe that they almofl entirely cover 
the ground. Three or four days afterwards, the rear- 
guard follows, which confifts of a itraggling undifciplin- 
ed troop of males and females. They travel chiefly dur- 
ing the night ; but, if it rains by day (for moifture facili- 
tates their motion), they proceed in their flow uniform 
manner. When the fun fhines, and the furface of the 
ground is dry, they make an univerfal halt till the even- 
ing, and then refume their march. When alarmed with 

danger, 

* Voyage aux Iflcs Fiaacoifcs, par Labat, torn. 2. pag. 221. S, 
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danger, they run backward in a diforderly manner, and 
hold up their nippers in a threatening pofture. They even 
feem to intimidate their enemies ; for, when difturbed, 
they make a clattering noife with their nippers. But, 
though they endeavour to render themfelves formidable 
to their enemies, they are cruel to each other. When an 
individual, by any accident, is fo maimed that he cannot 
proceed, his companions immediately deVour him, and 
then purfue their journey. After a fatiguing and tedious 
march, which fometimes continues three months before 
they reach the fhore, they prepare themfelves for depofit- 
ing their fpawn. The eggs ftill remain in the bodies of 
the animals, and are not excluded, as ufual to this genus, 
under the tail. To facihtate the maturation and exclu- 
fion of the eggs, the land-crabs no fooner arrive on the 
fhore, than they approach to the margin of the fea, and 
allow the waves to pafs feveral times over their bodies. 
They immediately retire to the land ; the eggs, in the 
mean time, come nearer to maturity, and the animals 
once more go into the water, depofit their eggs, and leave 
the event to Nature. The bunches of fpawn are fome- 
times as large as a hen's egg ; and it is not incurious to 
remark, that, at this very period, numbers of fiflies of 
different kinds are anxioufly waiting for this annual fupply 
of food. Whether the painful migration of the land- 
crabs, or the wonderful inftinft of the fifhes which await 
their arrival, in order to devour their fpawn, is the moil 
aftonifhing fad, we lhall leave to the confideration of 
philofophers. The eggs which efcape thefe voracious fifh- 
es are hatched under the fand. Soon after, millions of mi- 
nute crabs are feen leaving the fhore, and migrating flow- 
ly toward the mountains. Moil of the old ones, how- 
ever, remain in the flat parts of the country till they re- 
gain their flrength. They dig holes in the earth, the 
mouths of which they cover with leaves and mud. Here 
they throw off their old ihells, remain quite naked, and 
almoft without motion for fix days, when they become 
fo fat that they are efteemed delicious food. When the 
new fhell has hardened, the animals, by initmctive 
impulfe, march back to thofe mountains which they had 
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formerly deferted. In Jamaica, where they are nume- 
rous, the land-crabs arc regarded as great delicacies ; and 
they are fo abundant, that the ilavcs are often fed entire- 
ly upqn them. 

The migrating principle is not confined to men, qua- 
drupeds, birds, and reptiles : It extends to many of the 
in/ed-tnbes. Numberlefs inhabitants of the air pais the 
firfl Itages of their exiftence in the waters. There they 
remain for longer or ihorter periods, according to the 
fpecies. Previous to their transformation into chryfalids, 
they quit the waters, and come upon dry ground, wlicre 
they undergo their amazing change. Inilead of active 
water-worms, they dig or find holes in the earth, where 
they are converted into chryfalids, or ieemingly-inanimat- 
cd beings, and, in a Ihort time, mount into the air in 
the form of winged infed:s. Similar migrations are to 
be obferved among land-infe£ls. But migration is not 
confined to water-worms. Many fpecies of caterpillars, 
which feed upon the leaves of trees, fhrubs, and other 
vegetables, when about to undergo their transformation, 
leave their former abodes, defcend from the trees, and 
conceal themfelves in the earth. The hiving of bees, 
Avhen numerous colonies remove in order to eitahlifh new 
fettlements, is another inftance of the migration of in- 
fects. Indeed, if we except bees, wafps, ants, and a few 
others, molt infeds, whether they inhabit the air, the earth, 
or the waters, are perfect wanderers, having no fixed place 
of refidence. Some of them, as the fpider-tribes, build 
temporary apartments ; but, when difturbed, they mi- 
grate to another commodious place, and erect new habi- 
tations. 

From the fafts which have been enumerated, it is ap- 
parent, that the principle of migration, or the defire of 
changing fituations, is not confined to particular birds, 
but extends through almoft the whole fyftem of anima- 
tion. Men, quadrupeds, birds, fiflies, reptiles, infects, 
all afford ftriking examples of the migrating principle. 
From the fame facts it is equally apparent, that the gene- 
ral motives for migrating are fimilar in every clals of ani- 
mals. Food, mulriplication of fpecies, and a comfortabla 

tempe- 
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temperature of air, are evidently the chief caufes which 
induce animals to remove from one place to another, or, 
what amounts to the fame thing, from one climate to an- 
other. Partial emigrations, or emigrations to fmall dif- 
tances, are prompted by the fame inftinftive motives 
which induce animals of a different ftruflure to under- 
take long and fatiguing excurfions. But, previous to ac- 
tual migration, what are the peculiar feelings of different 
animals, and what ftiould flimulate them to proceed uni- 
formly in the diredlion that ultimately leads them to the 
fituations mod accommodated to their wants and their 
conftitutions, are myfteries, with regard to which, like 
every other part of the ceconomy of Nature, it is the 
duty of philofophers, inftead of attempting to pufli their 
inquiries beyond the bounds of human ability, to obferve 
a refpeftable filence. 



CHAPTER XXI. 



Of the Longevity and Dijfolution of Organifed Bodies* 

IT is a law of Nature, though a melancholy one, that 
all organifed bodies fliould be diffolved. The periods 
of diffolution, hov/ever, are as various as the fpecies, and 
the intentions of Nature in producing them. 

In the humankind, the brevity of Hfe is regarded as an 
objed of regret. One half of mankind die before they 
arrive at eight years of age. From that early period to 
eighty, befide the deftruaion of war, and other acci- 
dents'. Nature kills them annually in millions. Some in- 
ftances may be given of men whofe lives were prolonged 
beyond the ufual period of human exiftence. Such mea 
are not to be envied; nor (hould they be confidered as 
favourites of Nature. With re^'pecT: to maturity of judg- 
ment, and a knowledge of the world, no man can be faid 

L 1 I 
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to cxifl: till he pafles thirty years of age. Give him thirty 
or thirty-five more, and, in general, both mind and body 
are vifibly declined. Thefe people, thereiore, who arrive 
at an extraordinary age, may be laid to exifl:, but they do 
not live. All intclledual enjoyments and exertions, which 
conilitute the chief dignity and happinefs of man, are 
gone. There are exceptions ; but thefe exceptions arc 
contirmations of what we have advanced. Mankind, in 
the early ages of the world, have been laid to live for fe- 
veral centuries. We mean not to contradirt the affcrfion. 
But we mufl remark, that, if ever men lived fo long, they 
mufl have been very different, both in the flrudure ot 
their bodies and in their manners, from thofe who now 
exift. From infancy to manhood, there is a gradual 
growth or extenfion of our organs. After this period, 
and when we advance in years, the bones harden, the 
mufcles turn ftilF, the cartilages are converted into bones, 
the membranes into cartilages, the (tomach and bowels 
lofe their tone, and the whole fabrick, inftead of being 
foft, flexible, and obedient to the inclinations, or even the 
commands, of the mind, becomes rigid, inaflive, and 
feeble. Thefe are the general and progreflive caufes of 
death, and they are common to all animals. There are 
modes of living more favourable to health than others. 
But examples are not wanting of men who have arrived 
at an extreme old age, without obferving either tempe- 
rance, or any of the other modes of living which are ge- 
nerally fuppofed to be favourable to longevity. Some 
men, who lived temperately, and even abflemiouily, have 
reached to great ages ; Others, who obferved the very op- 
pofite conduft, who lived freely and often intemperately, 
have had their exiflence equally prolonged. But, in ge« 
neral, notwithftanding a few exceptions, temperance, a 
placid and chearful difpofltion, moderate exercife, and 
proper exertions of mind, contribute, in no uncommon 
degree, to the prolongation of life. 

A few examples of longevity in the human fpecies, 
though no general conclufions can be drawn from them, 
may not be incurious to the reader. We (hall not go 
back to a. remote and obfcure antiquity, but confine our- 

felves 
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felves to more modern times, when the modes of living 
were nearly the fame as they are at prefent. 

On this fubjcd, the celebrated Lord Verulam, in his 
Sylva Sylvarum*, gives the following palTage, chiefly 
tranflated from the feventh book of Pliny's Natural Hif- 
tory : * The year of our Lord feventy-fix, falling into the 
' time of Vefpafian, is memorable ; in which we fhall 
' find, as it were, a kalendar of long-lived men : For 
' that year there was a taxing, (now a taxing is the moft 
' authentical and truefl informer touching the ages of 
' men), and in that part of Italy which lieth between 
' the Appennine mountains and the river Po, there were 
' found 1 24 perfons that either equalled or exceeded aa 
' hundred years of age, namely, 

' Fifty-four - - of 100 years each.. 

' Fifty-Ceven - - no 

'Two - - - 125 

' Four - - - - 130 

* Vour - - - 135 or 137 

' Three - - - - 140 

* Befide thefe, Parma, in particular, afforded five, whereof^, 

' Three were - - 120 years each. 

'Two - - 130 

' One in Bruxelles - 125 

' One in Placentia - - 13* 
' One in Faventia - - 132 
' A certain town, then called the VelJeiatium, fituate in 

* the hills about Placentia, afforded ten, whereof 

' Six were - - no years each. 

'Four - - - i2o 

' One1n Rimino, whofe name 

' was Marcus Aponius - 150.' 
The moft extraordinary inftance of longevity in Great 
Britain was exhibited in the perfon of Henry Jenkms. 
He was a native of Yorkfhire, lived to the amazmg age 
of 169 years, and died on the 8th day of December 1670. 

Next to Jenkins, we have the famous Thomas Parre, 
who was a native of Shropfhire, and died on the i6th 
day of November 1635, at the age of 152. 



* Page 293. S. 
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Francis Confift, a native of Yorkfliirc, ngcd 150, died 
in J;uuuiry 1 768. 

Margaret Forfter, aged 136, and her daughter, aged 
104, were natives of Cumberland, and both aHve in the 
year 1771. 

William Evans, aged 145, lived in Carnarvon, and 
ftill exifted in the year 1782. 

Dumitcr Radaloy, aged 140, lived in Harmenftead, 
and died on the i6th day of January ly^^i. 

James Bowels, aged 152, lived in Kilingworth, and 
died on the 15th dav of Augult 1656. 

The Counters of Defmond, in Ireland, faw her 140th 
year. 

Mr. Eclefton, a native of Ireland, lived to the age of 
143, and died in the year 1691. , 

John Mount, a native of Scotland, faw his 136th year, 
and died on the 27th day of February 1776. 

William Ellis of Liverpool died on the i6th day of 
Auguft 1780, at the age of 130. 

Colonel Thomas Winiloe, a native of Ireland, aged 
146, died on the 22d day of Auguft 1766. 

John Taylor was born in Carrygill, in the county of 
Cumberland. He was bred a miner. His father died 
when John was only four years of age. Poverty obliged 
him to be fet early to work. During two years he dreiled 
lead ore for 2d. a-day. The next three or four years he 
affifted the miners in removing the ore and rubbifh to the 
bank, for which he received 4d. a-day. At this period 
there happened a great folar eclipfe, which was diflin- 
guiflied in Scotland by the appellation of Mirk Monday '*. 
This event, which he always repeated with the fame cir- 
cumftances, is the chief eera from which John's age has 
been computed. After labouring many years both in 
this and the neighbouring kingdom, he died, near Lead- 
hills in Scotland, in the month of May 1770, at the 
great age of 133. 

Though the above modern examples of extraordinary 
longevity refl chiefly on the authority of periodical pub- 
lications, 

* Mirk, in the ScottiDj dialed, fignifics dark ; and the cclipfc happened in the 
ytv 1652, S. 
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lications, yet there is not a doubt, that, in all countries, 
and at all times, feme perfons of both fexes have arrived 
at ages far beyond the common periods of human life. 
If the reader is defnous of feeing many inftances of lon- 
gevity, he may confult Bacon's Hijiory of Life and Death f , 
Whitehurft's Inquiry into the Original State and Formation 
of the Earth ||, and Dr. Fothergill's Obfervations on Longe- 
'uity § . 

The general caufes of death have already been menti- 
oned. But, in women, the operation of thefe caufes is 
frequently retarded. In the female fex, the bones, the 
cartilages, the mufcles, as well as every other part of the 
body, are fofter and lefs folid than thofe of the men : 
Neither are they generally fo much fubjeded to bodily ex- 
ertions. Their conitituent parts, accordingly, require 
more time in hardening to that degree which occafions 
death. Women, of courfe, ought to live longer than 
men. This reafoning is confirmed by the bills of mor- 
tality ; for, upon confulting them, it appears, that, after 
women have paffed a certain time, xhey live much longer 
than men who have reached the fame period. The dura- 
tion of the lives of animals may, in fome meafure, be 
eftimated by the time occupied in their growth. An ani- 
mal, or even a plant, as we learft from experience, which 
acquires maturity in a fhort time, periflics much fooner 
than thofe which are longer in arriving at that period. 
In the human fpecies, when individuals grow witii un- 
common rapidity, they generally die young. This cir- 
cumftance feems to have given rife to the common pro- 
verbial expreffion, Soon ripe foon rotten. Man grows in 
ftature till he be fixteen or eighteen years of age ; but 
the thicknefs of his body is not completely unfolded be- 
fore that of thirty. Dogs acquire their full length in one 
year ; but their growth in thic-knefs is not finifhed till the 
end of the fecond. A man, who continues to grow for 
thirty years, may live ninety or a hundred : But a dog, 
whofe growth terminates in two or three years, lives only 

tea 

+ Sylva Sylvarum, pag. 273, &c, S. 
II 2d. edit. pag. 165. S. 

^ Annual Regifler, Natural Hiflory divifion, pag. 61. Sj 
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ten or twelve years. The fame obfervation is applicable 
to moft animals. Fifhes continue to grow for a great 
number of years. Some of them, accordingly, live dur- 
in-^ feveral centuries ; becaufe their bones and cartilages 
feidom acquire the denfity of thofe of other ajiinials. It 
may, therefore, be confidered as a general fa£t, that large 
animals live longer than fmall ones, becaufe the former 
require more time to complete their growth. 1 hus the 
caufes of our diifolution are inevitable j and it is equally 
impoffible to retard that fatal period, as to chan<.':e the 
cftatliflied laws of Nature. When the conllitution is 
found, life may, perhaps, by moderating the pallions, and 
by temperance, be prolonged for a few years. But the 
varieties of climate, and of the modes of living, make 
no material differences with regard to the period of our 
exiftence, which is nearly the fame in the European, the 
Negro, the Afiatic, the American, the civilized man and 
the favage, the rich and the poor, the citizen and the 
pcafant. Neither does the difference of food, or of ac- 
commodation, make any change on the duration of life. 
Men who are fed on raw ilefh or dried fifh, on fago or 
rice, on caffada or roots, live as long as thofe who ufe 
bread and prepared viduals. If luxury and intemperance 
be excepted, nothing can alter thofe laws of mechanifm 
which invariably determine the number of our years. 
Any little dilferences which may be remarked in the term 
of human life, feem to be chiefly owing to the quality of 
the air. In general, there are more old men in high than 
in low countries. The mountains of Scotland, of Wales, 
and of Switzerland, have furnifhed more examples of 
longevity than the plains of Holland, Flanders, Germany, 
or Poland. But, if we take a furvcy of mankind, what- 
ever be the climate they inhabit, or their mode of living, 
there is fcarcely any difference in the duration of life. 
When men are not cut off by accidental difeafes, indivi- 
duals may every where be found who live ninety or a 
hundred years. Our anceflors, with few exceptions, 
never exceeded this period ; and, fmce the days of David 
King of the Jews, it has undergone no variation. Befide 
accidental difeafes, which are more frequent, as well as 

more 
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more dangerous, in the latter periods of life, old men 
are fubjeAed to natural infirmities that originate folely 
from a decay of the different parts of the body. The 
m\ifcles lofe their lone, the head fhakes, the hands trem- 
ble, the limbs totter, the fenfibility of the nerves is blunt- 
ed, the cavities of the veffels contracl:, the fecretory or- 
gans are obftruded, the blood, the lymph, and the other 
fluids, extravafate, and produce all thofe fymptoms and 
difeafes M^hich are commonly afcribed to a vitiation of the 
humours. The natural decay of the folids, however, ap- 
pears to be the original caufe of all thefe maladies. It is 
true, that a bad ftate of the fluids proceeds from a de- 
pravity in the organization of the folids. But the effects 
refulting from a noxious change in the fluids produce the 
mofl: alarming fymptoms. When the fluids fl:agnate, or 
if, by a relaxation of the veffels, an extravafation takes 
place, they foon corrupt, and corrode the weaker parts 
of the folids. Hence the caufes of diffolution gradually, 
but perpetually, multiply, our internal enemies grow more 
and more powerful, and at laft put a period to our exifl:- 
ence. 

With regard to ^adrupeds, the caufes of their diffolu- 
tion are precifely the fame with thofe which deftroy the 
human fpecies. The times of their growth bear, Hke- 
wife, fome proportion to the duration of their lives. But, 
as we have already given a Table of the ages at which 
different quadrupeds are capable of mukiplying their fpe- 
cies, and of the general duration of their lives, to avoid 
unneceffary repetitions, we muff refer the reader to page 
2^1; of this work. . 

Some Birds afford inftances of great longevity. In 
this clafs of animals, the duration of life is by ns 
proportioned to the times of their growth. Moft of them 
acquire their full dimenfions in a few months, and are 
capable of mukiplying the fpecies the firft fpring or fum- 
mer after they are hatched. In proportion to the fize ot 
their bodies, birds are much more vivacious, and live 
loncrer than either men or quadrupeds. Swans have been 
faid'to live three hundred years ; but, though mentioned 
by refpeftable writers, the afiertion is not lupported by 
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any authentic evidence. Mr. Willoughby, in his Orni- 
thology*, remarks, * We have been afTiircd by a friend 

* of ours, a perfon of very good credit, that his lather 

* kept a goofc known to be fourfcore years of age, and 
' as yet found and lufty, and like enough to have lived 

* manv vears longer, had he not been forced to kill her 

* for her mifchievoufnefs, worrying and deftroying the 

* young geefe and goflings.* In another part of his valu- 
able work, Mr. Willoughby tells us, * that he has been 

* aflured by credible perfons, that a goofe will live a hun- 

* dred years and more f.' In man and quadrupeds, the 
duration of life bears fome proportion to the times of their 
growth. But, in birds, their growth, and their powers 
of reprodudion, are more rapid, though they live pro- 
portionally longer. Some fpecies of birds, as all the 
gallinaceous tribes, can make ufe of their limbs the mo- 
ment they ilfue from the fliell ; and, in a month or five 
weeks after, they can likewife employ their wings. A 
dung-hill cock has the capacity of engendering at the age 
of four months, but does not acquire his full growth in 
lefs than a year. The fmaller birds are perfect in four or 
five months. They grow more rapidly, and produce 
much Iboner than quadrupeds, and yet they live propor- 
tionally much longer. In man and quadrupeds, the du- 
ration of life is about fix or feven times more than that of 
their growth. According to this rule, a cock or a par- 
rot, who arrive at their full growth and powers in one 
year, ftiould not live above fix or feven. But Nature 
knows none of our rules. She accommodates her conduct, 
not to our fhallow, and often prefumptuous, conclufions, 
but to the prefervation of fpecies, and to the fupport and 
general balance of the great fyftem of animated beings. 
Ravens, though capable of providing for themfelves in 
lefs than a year, fometimes have their lives protracted 
more than a century. The Count de Bulfon informs us, 
that, in feveral places in France, ravens have been known 
to arrive at this extraordinary age, and that, at all times, 
and in all countries, they have been efteemed birds of 
great longevity J. . ^^^^^^ , 

• Page 1^. S. + Ornithology, page S. 

t HiQ. Nat. dcs Oifcaux, torn 3. page 3a. 
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' Eagles,* fays Mr. Pennant, ' are remarkable for their 
' longevity, and for their power of fuftaining a long abfli- 

* nence from fooJ. A golden eagle, which has now been 
' nine years in poflcffion of Owen Holland, Efq. of Conway, 
' lived thirty-two years with the gentleman who made 
' him a prefent of it ; but v/hat its age was when the lat- 
' ter received it from Ireland is unknown. The fame bird 
' alfo furnifhes a proof of the truth of the other remark, 

* having once, through the neglect of fervants, endured 
' hunger for twenty-one days, without any fuftenance 
' whatfoever The pelican that was kept at Mechlin 
in Brabant during the reign of the Emperor Maximilian, 
was believed to be eighty years of age. ' What is re- 
' ported of the age of eagles and ravens,' fays Mr. Wil- 
loughby, ' although it exceeds all belief, yet doth it evince 
' that thofe birds are very iong-lived-j-.' Pigeons have 
been known to Hve from twenty to twenty-two years. 
Even the fmaller birds live very long in proportion to the 
time of their growth and the fize of their bodies. Lin- 
nets, gold-finches, &c. often live in cages fifteen, twenty, 
and even twenty-three years. 

Fijhes, whofe bones are more cartilaginous than thofe 
of men and quadrupeds, are long of acquiring their ut- 
mofl growth, and many of them live to great ages. Gef- 
ner gives an inftance of a carp in Germany which he 
knew to be one hundred years old+. Bulfon informs us, 
that, in the Count Maurepa's ponds, he had feen carps 
of one hundred and fifty years of age, and that the fad 
was attefted in the mod fatisfaftory manner. He even 
mentions one which he fuppofed to be two hundred years 
old||. Two methods have been devifed for afcertaining 
the age of filhes, namely, by the circles of the fcales, 
and by a tranfverfe fedion of the back-bone.^ \Vhen a 
fcale of a fifh is examined by the microfcope, it is found 
to confilt of a number of circles vv'ithin one another, re- 
fembling, in fome meafure, thofe rings that appear on the 

M m m tranfverfe 

* Britifti Zoology, vol, i. 8vo edit, page 123. S. 

t Ornithologv. pag^ 14. S. 

I Gcfncr de PIfc. page 312. ' S. 

\ Epoqut s dc la N.iUire, page 181. S. 
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tranfverfe fedions of trees, by which their ages arc com- 
puted. In the fame manner, the ages of filhes may be 
afcertained by the number of circles on tiicir Icales, rec- 
koning for each ring one year of the animal's exigence. 
The ages of Butfon's carps were chictly determined by 
the circles on their fcales. The age of filhes that want 
fcales, as the Ikate and ray-kind, may be pretty exadly 
known by feparating the joints of the back-bone, and 
obferving minutely the number of rings which the lurfacc 
exhibits. Both of thefe methods may be liable to de- 
ception ; but they are the only natural ones which have 
hitherto been difcovered. The longevity of filhes has 
been afcribed to feveral caufes. The element in which 
they live is more uniform, and lefs fubjed: to accidental 
changes than the air of our atmofphcre. Their bones, 
which are more of a cartilaginous nature than thofe of 
land-animals, admit of indefmite extcnfion ; of courfe, 
their bodies, inllead of futfering the rigidity of age at 
an early period, which is the natural caufe of death, con- 
tinue to grow much longer than thofe of moll land-ani- 
mals. 

As to the age of Rcpiiles, probably from the uninte- 
rcfting nature of the animals, we have very little infor- 
mation. But two letters of j. Arfcoti, Elq. of Tehott in 
Devonfliire, concerning the longevity of a load, deferve 
fome notice. Thefe letters were addrefied to Dr. Milles, 
Dean of Exeter, and by him communicated to Mr. Pen- 
nant in the year 1 768 : ' It would give me the greateft 
' pleafure,' fays iVIr. Arfcott, * to be able to inform you 

* of any particulars worthy Mr. Pennant's notice, con- 

* cerning the toad who lived fo many years with us, and 
' was fo great a favourite. — It had frequented fome fteps 
' before the hall-door fome years before my acquaintance 

* commenced with it, and had been admired by my fa- 
' thcr for its fize, (which was of the largeft I ever met 

* with), who confiiantly paid it a vifit every evening. I 

* knew it myfelf above thirty years, and, by conftantly 
' feeding it, brought it to be fo tame, that it always came 
' to the candle, and looked up, as if expecting to be ta- 
' ken up ;ind brought upon the table, where 1 always fed 
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* it with infects of all forts. — You may imagine that a toad, 

* generally detefted, (although one of the moft inoffenfive 

* of all animals), fo much taken notice of and befriend- 

* ed, excited the curiofity of all comers to the houfe, 
' who all defired to fee it fed ; fo that even ladies fo far 

* conquered the horrors inftilled into them by nurfes, as 
' to defire to fee it*.' In the fecond letter, Mr. Arfcott 
remarks, * I cannot fay how long my father had been ac- 
' quainted with the toad before I knew it ; but, when I 
' was firfl: acquainted with it, he ufed to mention it as the 
' old toad I have known fo many years I can anfwer for 

* tbirty-fix years f.' — * In refpe£t to its end, had it not 

* been for a tame raven, I make no doubt it would have 
< been now living, who, one day, feeing it at the mouth 
' of its hole, pulled it out, and, though I refcued ^t, puU- 

* ed out one eye, and hurt it fo, that, notwithftanding its 
' living a twelvemonth, it never enjoyed itfelf, and had a 

* difficulty in taking its food, miffing the mark for want 
of its eye. Before that accident it had all the appear- 

' ance of perfeft health \ ' 

Moft Infeas, efpecially after their laft transformation, 
are fhort-lived. But the fpecies are continually fupported 
by their wonderful fecundity. Thofe animals whofe parts 
require a long time of hardening and expanding are en- 
dowed with a proportional degree of longevity. Infeds 
grow, and their bodies harden, more quickly than thofe 
of larger animals. Many of them complete their growth 
in a few weeks, and even in a few days. The duration of 
their exiftence is accordingly limited to very ffiort periods. 
Some fpecies of flies lie in a torpid ftate during the win- 
ter, and revive when the heat of fpring or fummer returns. 
The ephemeron-flies, of which there are feveral kinds, 
feldom live above one day, or one hour, after their trans- 
formation. But, to continue the fpecies. Nature has 
taken care that myriads of males and females fhould be 
transformed nearlv at the fame inftant. Were it other- 
wife, the males and females could have no opportunity ot 
meeting, and the fpecies would foon be extinguilhed. 
° ^ Other 

* Peanant's Britifh Zcology, vol. 3. pag. 523. S. + Ibid- pag- 3=6. S. 

X Ibid, pag. ,331. S. 
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Other kinds are transformed more irregul.irly, and live fe- 
veral days. Here the wifdom of Nature is ccnfpicuous : 
She nrolonjxues the exiltencc of thcfc aninmls lor no other 
purpofe but to allow the individuals of both feves to meet 
and multij)lv the fpecies. Bees, and iHcs of nil kinds, 
after lying long in water, and having every appearance 
of death, revive bv the application of a gentle heat, or by 
covering their bodies with alhes, chalk, or land, which 
abforb the fuperlluous moiflurc from their pores. Reau- 
mur made many experiments upon the revivifccnce of 
drowned bees. He found, that, after being immcrfed in 
water for nine hours, fomc of them returned to life ; but 
he acknowledges that many of them, in the fourth part 
of this time, were artually dead, ajftlli that neither heat, 
nor the application of abforbent powilers, could reftorc 
them to life. Analogical reafoning is often deceitful, but 
it frequently leads to ufeful truths. As flies of all kinds, 
after immcrrion in water, and exhibiting every mark ot 
;i6tual death, can be reftored to life by covering their bo- 
dies with any abforbent fubltance, without the afliltance 
of a heat luperior to that of the common atmofphere, 
might not the ordinary methods employed for the reco- 
very of drowned perfons be afliiled by the application of 
varm afhes or chalk ? The flructurc of a lly and that of 
a man, it is allowed, are very different. But, in defperate 
cafes, when every other method fails, no fad fhould be 
overlooked, and no analogy defpifed. 

Plants differ' as much in the periods of their exiftencc 
as animals. Many plants perifli yearly; others are bien- 
nial, triennial, kc. But, the longevity and magnitude 
of particular trees are prodigious. We arc informed by 
Mr. Evelyn, that in the bodies of fome Englifh oaks, 
when cut tranfverfely, three, and even four hundred rings 
cf wood have been dilUnguiflied. A ring of wood is added 
annually to the trunks of trees ; and, by counting the 
rings, the age of any tree may be pretty exactly afcer- 
tained *. With regard to the magnitude of oaks, fome 
of them are huge maffcs. Dr. Hunter, in his Notes upon 
Evelyn's Sylva, remarks, that none ' of the oaks men- 

' tioncd 

* 5cc Evelyn's Sylva, pag. ^5. S. 
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* tioncd by Mr. Evelyn bear any proportion to one now 
' growing at Cowthorpe, near Wetherby, upon an eftate 
' belonging to the Plight Hon. Lady Stourton. The di- 

* menfions are almoft incredible. Within three feet of 
' the furface, it meafures fixteen yards, and, clofe by 
' the ground, twenty-fix yards. Its height, in its prefent 
' and ruinous flate, (1776), is about eighty-five feet, and 
' its principal limb extends fixteen yards from the bole. 
' — When compared to this, all other trees are but ch'tl- 
' dren of the foreft *.' 

From the fafts which have been enumerated, it appears, 
that all animals, as well as vegetables, have fi:ated periods 
of exift;ence, and that their diffolution is uniformly ac- 
compliflied by a gradual hardening and deficcation of 
their conftituent parts. No art, no medicine, can retard 
the operations of Nature. It is, therefore, the wifdom 
and the duty of every human being to fail down the ir- 
refiftible current of Nature with all poffible tranquillity 
and refignaticn. Life, whether fliort or long, whether 
fortunate or unfortunate, when the fatal period arrives, 
is of little confequence to the individual. Society, know- 
uledge, virtue, and benevolence, are our only rational en- 
joyments, and ought to be cultivated with diligence. ^ 

With regard to animals in general, the aftual duration 
of their lives is very difterent. But the comparative 
fliortnefs or length of life, in particular animals, proba- 
bly depends on the quicknefs or flownefs of the ideas which 
pafs in their minds, or of the impreffions made upon their 
ienfes. A rapid fucceflion of ideas or impreffions makes 
time feem proportionally long. There is likewife a con- 
nedion betv/een the quicknefs and llownefs of ideas, and 
the circulation of the blood. A man whofe pulfe is flow 
and fluggilh, is generallv dull and phlegmatic. Raifc 
the fame man's pulfe with wine, or any other exhilarat- 
inrr fiiimulus, and vou immediately quicken his fenfations, 
as well as the train of his ideas. In all young ammals, 
the circulation of blood is much more rapid than atter 
they have acquired their full growth. Young anmials, 
accordingly, are frolickfome, vivacious, and happy. ^But, 

* See Evelyn's Sy'.va, pag. 500. S. 
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vhen their growth is completed, the motion of the blood 
is flower, and their manners, of courfc, arc more fedatc, 
gloomy, and penfive. Another circumftance merits at- 
tention. The circulation of the blood is flower or quicker 
in proportion to the magnitude of animals. In large 
animals, fuch as man and quadrupeds, the blood moves 
flowly, and the fucceflion of their ideas is proportionally 
flow. In the more minute kinds, as mice, fmall birds, 
fquirrels, ^'c. the circulation is fo rapid that the pulfes of 
their arteries cannot be counted. Now, animals of this 
defcription aflonifli us with the quicknefs of their move- 
ments, the vivacity of their manners, and the extreme 
chearfulnefs of their difpofitions. 

Reaumur, Condillac, and many other philofophcrs, 
confider duration as a relative idea, depending on a train 
of confcious perception and fentiment. It is certain that 
the natural meafure of time depends folely on the fuc- 
ceflion of our ideas. Were it pofllblc for the mind to be 
totally occupied with a fingle idea for a day, a week, or 
a month, thefe portions of time would appear to be no- . 
thing more than fo many infl:ants. Hence a philoiopher 
often lives as long in one day, as a clown or a favaga^ 
does in a week or a month fpent in mental inactivity and^ 
want of thought. 

This fubject fliall be concluded with a fmgle remark : 
If it be true, and we are certain that it is fo in part, that 
animals of every fpecies, whatever be the real duration 
of their lives, from a flow or rapid fucceflion of ideas, 
and perhaps from the comparative intenfity of their en- 
joyments, live equally long, and enjoy an equal portion 
of individual happinefs, it opens a wonderful view of the 
great benevolence of Nature. To ftore every portion of 
this globe with animal life. She has amply peopled the 
earth, the air, and the waters. The multifarious inha- 
bitants of thefe elements, as to the actual duration of their 
lives, are extremely diverfified. But, by variation of 
forms, of magnitude, of rapidity of ideas, of intenfity 
of pleafures, and, perhaps, of many other circumftances. 
She has conferred upon the whole nearly an equal portion 
of happinefs. 

CHAP. 
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CHAPTER XXII. 



Of the Pi~ogrefflve Scale or Chain of Beings in the Univerfe, 

TO men of obfervation and refledion, it is apparent, 
that all the beings on this earth, whether animals 
or vegetables, have a mutual connection and a mutual 
dependence on each other. There is a graduated fcale 
or chain of exiftence, not a link of which, however feem- 
ingly infignificant, could be broken without affecting the 
whole. Superficial men, or, which is the fame thing, 
men who avoid the trouble of ferious thinking, wonder 
at the defign of producing certain infefts and reptiles. 
But they do not confider that the annihilation of any one 
of thefe fpecies, though fome of them are inconvenient, 
and even noxious to man, would make a blank in Na- 
ture, and prove deftructive to other fpecies, who feed 
upon them. Thefe, in their turn, would be the caufe 
of deftroying other fpecies, and the fyftem of devaluation 
would gradually proceed, till man himfelf would be ex- 
tirpated, and leave this earth deititute of all animation. 

In the chain of animals, man is unqueflionably the 
chief or capital link, and from him all the other links 
defcend by almoll imperceptible gradations. As a highly- 
rational animal, improved with fcience and arts, he is, 
in fome meafure, related to beings of a fuperior order, 
wherever they exift. By contemplating the works of Na- 
ture, he even rifes to fome faint ideas of her great Au- 
thor. Why, it has been alked, are not men endowed 
with the capacity and powers of angels ? beings of whom 
we have not even a conception. With the fame propri- 
ety, it may be alked. Why have not beads the mental 
powers of men ? Queftions of this kind are the refuhs of 
ignorance, which is always petulant and prefumptuous. 
° Every 
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Every creature is pcrfccl, according to its delUnation. 
Raife or deprefs any order of beings, the whole fyftem, 
of courfe, will be deranged, and a new world would be 
neceffary to contain and fupport tlicni. Particular orders 
of beings Ihould not be coulidered fcparately, but by the 
rank thev hold in the general fyllem. From man to the 
minutell animalcule which can be difcovered by the mi- 
crofcope, the chafm feems to be infinite : But that chalni 
is actually filled up with fentient beings, of which the 
lines of difcrimination are almolt imperceptible. All of 
them polfefs degrees of perfection or of excellence pro- 
portioned to their ftation in the univerfe. Even among 
mankind, which is a particular fpecies, the fcale of intel- 
lecl: is very extenlive. What a diflerence between an en- 
lightened philofopher and a brutal Hottentot? Still, how- 
ever, Nature obferves, for the wifelt purpofes, her uni- 
form plan of gradation. In the human I'pecies, the de- 
grees ot intelligence are extremely varied. Were all men 
philofophers, the bufinefs of life could not be executed, 
and neither fociety, nor even the fpecies, could long exift. 
Indullry, various degrees of knowledge, different difpo- 
fitions, and different talents, are great bonds of fociety. 
The Gentoos, from certain political and religious inlHtu- 
tions, have formed their people into dill'erent calls or 
ranks, out ot which their poflerity can never emerge. 
To us, fuch inltitutions appear to be tyrannical, and re- 
ilraints on the natural liberty of man. In fome refpeds 
they are fo : But they feem to have been originally refults 
of wifdom and obfervation ; for, independently of all po- 
litical inltitutions. Nature herfelf has formed the human 
fpecies into cafts or ranks. To fome the gives fuperior 
genius and mental abilities ; and, even of thefe, the views, 
the puriuits, and the taltes, are moll wonderfully diver- 
fificd. 

In the talents and qualities of quadrupeds of the fame 
fpecies, there are often remarkable differences. Thefe 
differences are confpicuous in the various races of horfes, 
dogs, &c. Even among the fame races, fome arc bold, 
fprightly, and fagacious. Others are comparatively timid, 
phlegmatic, and dull. 

Our 
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Our knowledge of the chain of intellectual and corpo- 
real beings is very imperfed ; but what we do know gives 
us exalted ideas of that variety and progreliici^ which 
reign in the univerfe. A thick cloud prevents us from 
recognifing the moft beautiful and magnificent parts of 
this immenfe chain of being. We Ihall endeavour, how» 
ever, to point out a few of the ^more obvious links of 
that chain, which falls under our own limited obfervation. 

Min, even by his external qualities, ftands at the head 
of this world. His relations are more extenfive, and his 
form more advantageous, than thofe of any other animal. 
His intellectual powers, when improved by fociety and 
fcience, raife him fo high, that, if no degrees of excel- 
lence exifted among his own fpecies, he would leave a 
great void in the chain of being. Were we to confider 
the characters, the manners, and the genius of different 
nations, of different provinces and towns, and even of 
the members of the fame family, we fliould imagine that 
the fpecies of men were as various as the number of in- 
dividuals. How many gradations may be traced between 
a ftupid Huron, or a Hottentot, and a profound philofo- 
pher? Here the diftance is immenfe; but Nature has oc- 
cupied the whole by almoft infinite fhadcs of dilcrimina- 
tion. 

In defcending the fcale of animation, the next Itep, it 
is humiliating to remark, is very fliort. _ Man, in his 
loweft condition, is evidently linked, both in the form of 
his body and the capacity of his mind, to the large and 
fmall orang-outangs. Thefe again, by another Qight gra- 
dation, are connected to the apes, who, like the former, 
have no tails. It is wonderful that Linnaeus, and many 
other naturahfts, Ihould have overlooked this gradation 
in the fcale of animals, and maintained, that the liland of 
Nicobar, and fome other parts of the Eaft-Indies, were 
inhabited bv tailed men. Before thofe annnals, whofe ex- 
ternal figure has the greateft refemblance to that of man, 
are ornamented, or rather deformed, with tails, there are 
feveral (hades of difcrimination. The larger and Imaller 
orang-outangs, which are real brutes, have no tails. Nei- 

N n n ^^^^ 
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ther are the numerous tribes of apes furnifliccl with this 
appendage. B it the believers in tailed nun gravely tell 
us, that there is nothing furprifing in this phenomenon, 
bccauTe a tail is onlv a prolongation of the os coccy^isj 
U'hich is the termination of the back-bone. They confi- 
der not, however, that, inftead of accounting for the 
exiifen^e of taileil men, they do nothing nu re than 
fubrtitute a learned circumlocution for the fnnple word 
tail. It is here worthy of remark, that a philofopher, 
who hns paid little attention to natural hiftory, is perpe- 
tually liable to be deceived ; and that a naturalift, I mean 
a nomenclator, without philofophy,. though he may be 
ufeful by mechanically marking dillinftions, is incapable 
of enriching our minds with general ideas. A proper 
mixture of the two is beft calculated to produce a real 
philofopher. From the orang-outangs and apes to the 
baboons, the interval is hardly perceptible. The true 
apes have no tails, and thofe of the baboons are very 
fhort. The monkeys, who form the next link, have long 
tails, and terminate this partial chain of imitative ani- 
mals, which have fuch a deteftable refemblance to the 
human frame and manners. 

When examining the chara£lers by which beings are 
diflinguifhable from each other, we perceive that fome of 
them are more general, and include a greater variety than 
others. From this circumflance all our diftributions into 
clafTes, orders, genera, and fpecies, are derived. Between 
two clafles, or two genera, however, Nature always ex- 
hibits intermediate produdions fo clofely allied, that it is 
extremely difficult to afcertain to which of them they be- 
long. The polypus, which multiplies by fhoots, or by 
feclions, from its body, conneds the animal to the vege- 
table kingdom. Thole worms which lodge in tubes com- 
pofed of fand, feem to link the infecls to the fhell and 
cruflaceous animals. Shell-animals and cruftaccous infeds 
make alfo a near approach to each other. Both of them 
have their mufcles and inftruments of motion attached to 
external inllead of internal bones. From reptiles, the de- 
grees of perfedion in animal life and powers move for- 
ward 
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ward in a gradual but perceptible manner. The number 
of their organs of fenfe, and the general conformation 
of their bodies, begin to have a greater analogy to the 
ftructure of thofe animals which we are accufiomed to 
confider as belonging to the more perfed kinds. The 
fnake, by its form, its movements, and its mode of living, 
is evidently connected with the eel and the water-ferpent. 
Like reptiles, moll fifhes are covered with fcales, the co- 
lours and variety of which often enable us to diftinguifli 
one fpecies from another. The forms of filhes are ex- 
ceedingly various. Some are long and flender others 
are broad and contra£ted. Some fifhes are flat, others 
cylindrical, triangular, fquare, circular, &c. The fins of 
fifties, from the medium in which they live, are analogous 
to the wings of birds. Like thofe of reptiles, the heads 
of fifties are immediately connected to their bodies, with- 
out the intervention of necks. The flying fifties, whofe 
fins referable the wings of bats, form one link which 
unites the fifties to the feathered tribes. Aquatic birds 
fucceed, by a gentle gradation, the flying fifties. 

In tracing the gradations from fifties to quadrupeds, 
the tranfition is almoft: imperceptible. The fea-lion, the 
morfe, all the cetaceous tribes, the crocodile, the turtle, 
the feals, have fuch a refemblance, both in their external 
and internal ftiructure, to terreftrlal quadrupeds, that fome 
naturalifts, in their methodical diftributions, have ranked 
them under the fame clafs of animals. The bats and the 
flying fquirrels, who traverfe the air by means of mem- 
branous inftead of feathered wings, evidently conned 
quadrupeds with birds. The ollrich, the caflowary, and 
the dodo, who rather run than fly, form another link be- 
tween the quadruped and the bird. 

All the fubftances we recognize on this earth may be 
divided into organifed and animated, organifed and ina- 
nimated, and unorganifed, or brute, matter. The whole 
of thefe pofl'efs degrees of perfeftion, of excellence, or 
of relative utility, proportioned to their ftations or ranks 
in the univerfe. Change thefe ftations or ranks, and an- 
other world would be neceflary to contain and fupport 

them. 
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them. Beings mud not be contemplated iiuliviJually, 
but by their rank, and the relations they have to ihe con- 
(tiiuent parts of the general fyftcm of Nature. Certaia 
reiuhs of their natures we conlider as evils. Deftroy 
thcle evils, and you annihilate the beings who complain 
of them. The reciprocal a«5Hon of the folids and-Huids 
conftitutes life, and the continuation of this adion is the 
natural caufe of death. Immorrality on this earth, there- 
fore, prefuppofes another fyftem ; for our planet has no 
relation to immortal beings. Every animal, and every 
plant, rifes, by gentle gradations, from an embryo, or 
gelatinous ftate, to a certain degree of perfe«ftion exactly 
proprtrticned to their feveral orders. An aflemblage of 
all the orders of relative perfection conllitutes the abfo- 
lute perfection of the whole. All the planets of this fyf- 
tem gravitate toward the fun and toward each other. Our 
fyftem gravitates toward other fyftems, and they to ours, 
rhus the whole univerfe is linked together by a gradual 
andalmoft imperceptible chain of exiltences both animat- 
ed and inanimated. Were there no other argument in 
favour of the unity of df.ity, this uniformity of defign, 
this graduated concatenation of beings, which appears 
not only from this chapter, but from many other parts of 
the book, feems to be perfectly irrefragable. 

In contemplating Man, as at the head of thofe animals 
with which we are acquainted, a thought occurred, that 
no fentient being, whofe mental powers were greatly fupe- 
rior, could poflibly live and be happy in this world. If 
fuch a being really exifted, his mifery would be extreme. 
With fenfes more delicate and refined ; with perceptions 
more acute and penetrating ; with a tafle fo exquifite that 
the objects around him could by no means gratify it ; 
obliged to feed upon nourifhment toogrofs for his frame ; 
lie muft be born only to be miferable, and the continua- 
tion of his cxiftence would be utterly impoflible. Even 
in our prefent condition, the famenefs and infipidity of 
objects and purfuits, the futility of pleafure, and the in- 
finite fources of excruciating pain, are fupported with 
great difficulty by cultivated and refined minds. Increafe 
our fenfibilities, continue the fame objects and fituation, 

and 
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and no man could bear to live. — Let man, therefore, be 
contented. His ftation, in the univerfal fcale of Nature, 
is fixed by Wifdom. Let him contemplate and admire 
the works of his Creator ; let him fill up his rank with 
dignity, and confider every partial evil as a caufe or 
an efled of general good. — This is the whole duty o^ 
man. 



THE END. 



INDEX 



A CTINIA. See fea-nettle. 

Air, necefTary to the exiftence of all animals and vegetables, lOl. 
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times provided for its admiffion into animal bodies, io6. Some 
animals can live long without it, 113. Air is always impreg- 
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Amphibious animals. See animals. Sketch of their ftru6lure and 
difpofitions, 66. The foramen ovale of their hearts continue 
open during life, 67. 

Analogy. See animals and plants. Analogy between birds and 
fifhes, 110. Sexes of plants founded on falfe analogies, 224. 
See fexcs. 

Animal heat. An attempt to account for it, 103. 

Animalcules. Thofe obtained by infufions multiply by continued 
divifions and fubdivifions, 36. 

Animals. Difficulty of diftinguifliing them from plants, 10. 
See plants. All of them endowed with fenfation, 15. A Iketch 
of their ftrufture and organs, 21. Analogies between animals 
and plants, originating from their ftrufture and organs, ibid» 
- — from their growth and nourifhment, 30. The food of ani" 
mals compared with that of plants, 31. Analogies from their 
difTemination and decay, 35, &c. Some animals neither vivi- 
parous nor oviparous, 37 ; fome are both, 38 ; and fome mul- 
tiply without impregnation, ibid. Analogies between the eggs 
of animals and the feeds of plants, 39. All animals fubjeft to 
difeafes and death, 44. Of the organs and general ftrufture of 
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The comparative ftrcngth of animals depends not on ftru(5turc 
alone, 99. Of their rcfpiration, loO. Moft animals capable 
of expreliing their wants and defires, ict). Of their motions, 
125, &c. The notion thiit animals arc machines abfurJ, 146. 
Of the infancy of animals, 180. Their general diffiifion over 
the globe owing partly to the diverfity of th^'ir appetites for food, 
201. Of the foxes of animals, 215. Of the puberty of ani- 
mals, 239. All animals undergo changes at the a^c of puber- 
ty, 241. Their attachment to their young, 246, This attach- 
ment ceafes, in fome animals, as foon as the young can pro- 
vide for themfelves, 250. Many of them marry or pair, ibid. 
Advantages derived from the variety of fcafons obfcrvqd by dif- 
ferent animals, 253. Table of their relative fecundity, 255. 
Of their transformations, 258. All animals undergo changes, 
ibid. Cruftaceous tribes annually caft their fhells, 261. Of the 
habitations of animals, 279. Operations of animals referred 
by fome authors to mechanical impulfes, 301. Of their hof- 
ftilities, 336. Man the mofl univerfal deftroyer of animal life, 
337. Some animals devour their own fpccies, 345. Advan- 
tages derived from animals preying upon one another, 350. 
Profufion af animal life fccms to be a general intention of Nature, 
352. There is a wonderful balance in the fyftem of animal 
deftru6tion and multiplication, 353. Rcftraints againrt noxious 
inundations of particular fpecies, 354. Animals not deftincd 
for individual exiftence alone, 357. Of the artifices of ani- 
mals, 358. Of the focicty of animals, 371. Of gregarious 
animals who carry on no common operations, 387. Ditferent 
fpecies afTociate, 388. Of their docility, 389. Animals of the 
ox-lcind dull and phlegmatic, 408. Much influenced by cli- 
mate and domeftication, 412, &c. Of the characters of ani- 
mals, 415. Of their principle of imitation, 419. Of the mi- 
gration of animals, 422. Of their longevity, 449, &c. Thofe 
which grow quickly foon perifli, 453. All animals pcrfedl ac- 
cording to their deftination, 464. 
Ants. Their ftrudture and manners, 93. Wood-ants, their fur- 
prifing operations and manners. See termites. Their fociety, 
386. 

Aphis. See puceron. 
Apterous infects defcribed, 94. 

Arabians confider the camel as a gift fent from heaven, 65. Per- 
form journies of fifcy leagues in one day, 66. 
Aranea. See fpiders. 

Arteries. The probable inftruments of nutrition and growth, 108, 
Artifices. Genenil fources of the artifices of animals, 358. Arti- 
fices of cattle, horfes, and monkeys, 359. Of the itag, ibid. 
Of the fallow-deer, 360. Of the roebuck, 361. Of the hare, 
362. Of the fox, 363. Of the ;;lulton, 365. Of the Kamt- 

fchaika, 
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fchatka rats, 366. Of birds, ibid. Of fifties, 368. Of in- 
fedls, 369. 

Afbeflros, Its ftrudlure makes no approach toward organization, 
Aureliae. See chryfalids. 



Beavers, Account of their manners and archite£lure, 281. Live 
peaceably in Society with each other, 284. Lay up provifions 
for winter, ibid. 

Bees. The general ftrufiure of the honey-bee, 93. The mafon- 
bee fometimes moves in a retrograde dire£^ion, 135. Some of 
their inftindls enumerated, 139. Wood-piercing bee make^ a 
neft in old timber, ibid. When pinched for room, they aug- 
ment the depth of their cells, 142. Neft of the mafon-bec, 
293. Ichneumon flies deftrudive to bees, 293. Operations 
of wood-piercing bees, 296. Of other folitary bees, 300. Ope- 
rations and oeconomy of the honey-bee, 302. The figure and 
mode of making their cells, 303. Their cells are deftined to 
anfwer different purpofes, 304. Their divifion of labour, 305. 
Their wax a refult of a digeftive procefs, ibid. Eat the farina 
of flowers, ibid. 306. Require a warm habitation, 307. Mend 
their hives with propolis, ibid. Amafs great quantities of ho- 
ney, 308. Occafionally feed on one another, ibid. Eggs of the 
female impregnated by the males after they are depofited in the 
cells, 310. Can transform a common fubje6l into a queen or 
female, 312. May be multiplied without end, 314. The neu- 
ters mafl^acre the males, 348. Have frequent combats, 349. 
Their fociety of a monarchical nature, 377. The Count de 
Buffon's mechanical theory of the operations of bees examined, 
378, &c. 

Beetle' tribe of infers. An account of their form and manners, 
88. Many of them, when terrified, fimulate death, 141. Re- 
markable differences between fome of the males and females, 218. 

Beings fliould not be contemplated individually, but by then- ran.c, 
467 None fuperior to man could exift in this world, ^66. 

Birds. Sketch of their ftrudure, 71, Their form adapted to 
their mode of living, 72. Of granivorous birds, 73. Analo- 
gy between them and herbivorous quadrupeds, 74. Ot car- 
nivorous birds, 75, 344. Birds refpire by almoft every part of 
their bodies, and even by the bones, 107. One ufe of this 
ftruaure, 109. Analogy between birds and fifties, 1 1 3. W hen 
not reftrained, uniformly build nefts in the fame form, and oi 
the fame materials, 140. The great commmuting force ot 
fome of their ftomachs, 206. Whether the fmall ftones they 
fwallow affift the digeftion of their food, 208. Among birds 
of prey, the females are larger, ftronger, and more beautituJ, 
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than the males, 220. The reverfe takes place among the ijal- 
linaccous tribes, ibid. Many of them pair, 249. Ch.in.;es 
they undergo after being hatched, 257. Of their niditication, 
250, 252. Of their artifices, 366. Some of them may be 
taught articulation, 410. Of their migration, 422, Sec. Of 
their longevity, 455. 

Bifons. Sec oxen. 

Blatta. Sec cockroach, 89. 

Blood. Its circulation conneiSled with rcfpiration, 103. Show- 
ers of it accounted for, 271. 
Bones. Birds breathe through them, 107. 

Brackeleys, a fpecies of the ox, which are taught by the Africans 

to perform wonderful avllions, 408, See. 
Brain. See nerves. 

Brain. A fkort dcfcription of it, 53. The fource of all fenfa- 
tion and motion, 126. Suppofed to fecretc and diltribute the 
nutritious matter of food, 192. 

Breathing. See rcfpiration. 

Brutes. See animals. 

Bug. Some account of it, 90. 

Butterflies. Dcfcription of them, 90. Gave rife to the notion 
of ftiowers of blood, 271. Void drops of blood, 272. 

C 

Cabins. See Beavers. 

Camel and dromedary, bcfide four ftomachs, have a refervoir for 
holding water, 65. Their manners and difpofitions, 66. 

Camel-cricket. Regarded as a farred animal, 89. 

Carnivorous animals. See animals. Their ftru6ture adapted to 
their difpofitions, 58. Are not fo apt to devour women as 
men, 217. Man the moft rapacious of all animal<;, 337. Of 
carnivorous quadrupeds, 339. Of carnivorous birds, 342. Of 
carnivorous infedts, 344. Advantages derived from animals 
preying upon one another, 350. Carnivorous animals are the 
barriers againft noxious inundations of other kinds, 354. 

Caterpillars, See infedls. Their mode of refpiring, 119, Are 
of no fex, 218. When they arrive at the age of puberty, 142. 
Of their transformations, 269. Caft their flcins, 262, 271. 
Theirdiffercnt modes of retiring previous to their transformati- 
on. A dcfcription of them, 263. The circulation of their blood 
changes its dire«ftion, 264. Their different modes of behav- 
ing when about to transform, 266. Spinning of the filk-worm 
defcribed, 269. The flies exift in the bodies of the caterpillars, 
27 J. Some of them devour their own fpecies, 345. Have 
numberlefs enemies, ibid. Without a profufion of them fmall 
birds could not be fupported, 354. Common kind aflociate, 
383. Some of thQm arc republicans, ibid. 

Caufc, 
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Caufe. We muft at laft have recourfc to a final caufe, 302. 
Cells. See bees, and wafps. Air-cells in birds defcribed, 107. 
Chain. Of the progreflive chain of being, 463. 
Changes of form. See transformations, 

Chara£lers of animals, 415. How they may be modified, ibid. 

Individual characters often ftrongly marked, 416. 
Chermes. The female of this mfeft depofits her eggs in the 

leaves of trees, and produce thofe protuberances called galls, 90. 
Children* See infants. The gradual progrefs of their inftincts, 389. 
Chryfalids. A defcription of them, 262. 
Cimex. See bug* 

Cinyps. A fly vi^hofe eggs produce galls in the oak, 92, 
Cleanlinefs. Its importance to health, 124. 
Cock. The game-cock a moft intrepid animal, 220. 
Cockroach. Some account of it, 89. 

Colours. The origin of the primary ones, 167. A mixture of 
them produces v/hitenefs, ibid. Colour no fpecific character 
of plants, 232. Colours of animals greatly variegated by do- 
meftication, 411. 

Coleopterous infe£ls defcribed, 88. 

Combs. See bees, and wafps. 

Crabs. An account of the migration of land-crabs, 446. 
Crows. Experiments on their^digeftive powers, 210. Endea- 
vour to break grain before they fv/allow it, 211. 
Cruftaceous fifhes caft their (hells annually, 261. 
Cuckoo makes no neft, and neither hatches nor feeds her young, 29O. 
Culex. See gnat. 

Cuttle- fifli. Its ftru£lure and manners, 97. 

D 

Death. All animals and vegetables fubjeft to difTolutlon, 44. 
Life cannot be fupported without the intervention of death, 355. 
There is a wonderful balance in the fyftem of animal deftruc- 
tiori and multiplication, 353. The general caufes of death, 453. 

Deer. Their artifices in efcaping the dogs, 359. 

Deity necelTarily one, 468. 

Di 'eftion. The organs of digeftion defcribed, 50. The me- 
chanical and chemical theories of it, 205. Visuals difTolved 
by the gaftric juice, 206. Whether the fmall ftones fwallowed 
by birds affift their digeftion, 208. Greatly affifted by chewmg, 
or by comminution, 209. Dr. Stevens's experiments upon di- 
geftion in man and other animals, 21?. After death, the fto- 
mach is diflblved by its own gaftric juice, 214. Bees wax a 
refult of digeftion, 3^5. 

Dipterous infects delcribed, 94. 

Docility of animals, 389, &c. 

Dog. His fenfe of fmelling extremely acute, 153. Wild dogs 

hunt 
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hunt in packs, 388. Next to the elephant, the dog is the moft 
docile animal, 4'^3. Accommodates his behaviour to the man- 
ners of thofe who command him, ibid. Great differences in 
their natural dil'pofitions, ibid. Condu<ft blind pcrfons witb 
great fagacity, 404. An extraordinary inftancc of their intel- 
ligence, 405. The influence of climate upon them, 413. 
Fattene i in China for the table, 421. 

Domcftic; tion. Its eft'edts on different animals, 411. 

Dragon-fly. See libella. 

Dromedary. See camel. 

E 

Eagles. Their longevity, 457. 

E.rs. See hearing and fenfes. Mufical ear a gift of Nature, 15^. 

Education much influenced by the principle of imitation, 419. 

Eggs. Analogies between them and the feeds of plants, 39. 
Egg of the fpider-fly as large as the mother, 266. Eggs of 
fome infefts grow after they are laid, 267. Several worms 
difcovcrcd in the fame egg, 268. Eggs of bees impregnated 
after they arc dcpofited in the cells, 311. 

Elephant. His ftru(^lure, 68. His fagacity and manners, 70. 
A more particular account of this animal, 395, &c. A mild 
and obedient domeflic, 397. Elephants were formerly employ- 
ed in war, 398. Their fcnfe of fmclling very acute, 400. Re- 
vengeful when affronted, 401 They are fenfiblc of good for- 
tune, and maintain a gravity of demeanour correfponding to 
the dignity of their fituation, 402. They allow themfelvcs to 
be commanded by a child, ibid. More eafily tamed by mild- 
nefs than by blows, ibid. 

Ephemeron-fly lives only one day in its perfccSl flatc, but conti- 
nues three years in the water before its transformation, 89, 
459. The nymphs refpire by gills, 118. 

Evils necefFary in this world, 468. 

Expiration. Sec refpiration. 

Eyes. No animal, except the infecfl tribes, has more than two, 
83. Defcription of the eye, 166. Inverted pidlures on the 
retina, 168. Why feen ftraight, ibid. Why we fee fingle 
with two eyes, lyr. Vifion conveys no idea of diflancc, ibid. 
Why near obje(fts appear large, and diftant ones fmall, 172. 
Origin of ghofls, &c. ibid. 

F 

Fallow-deer. His artifices and manners, 359. 
Farina. See plants and fexes. Farina of flowers the raw mate- 
rial of wax, 305. 
Feelers of infects. One ufe of them, 83. 

Females. See fexes, man, and males. Among inf^^ts, great 
differences between males and females, 218, 219. Female birds 
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of prey larger, ftronger, and more be?.utiful than the males, 
219. The rcverfe takes place among gallinaceous birds, 220. 
Changes in body and mind produced by puberty, 239. Airive 
fooner at that period than males, 240. 

Fire-fly. Emits a fliiniiig light in the night, 89. 

Fiflies. Sketch of their ftructure, 77. A'luch diverfified in fi- 
gure, 78. Are endowed with the fenfe of hearing, 79. Their 
mode of refpiration, 112. Analogy between them and birds, 
113. We are ignorant of the periods when they become fit 
for multiplying, 242. Cruftaceous kinds caft their fkins annu- 
ally, 261. The life of every fifh one continued fcene of hof- 
tility, 343. Shell-fiflies very proline, 356. Their artifices, 
368. Of their migration, 442. Their longevity, 457. 

Flea. A defcription of it, 95. Undergoes a transformation like 
that of winged infe£ts, ibid. 

Flies. See infedb. An account of the phrygania or fpring-fly, 
92. Of the dragon-fly, ibid. Of the cinyps, the eggs of 
which give rife to the galls on oak leaves, ibid. Gad-fly very 
troublefome to cattle, 94. Of the common fly, ibid. Of the 
gnat, ibid. Spider-fly as large as thp mother when it efcapes 
from the egg, 203. Some depofit their eggs in the leaves of 
plants, ibid. Ichneumon flies deftru6live to bees, 296; and 
other infedts, 348. 

Food of plants and of animals compared, 30. Man could not 
live upon herbage alone, 61. Food necefiary for the growth 
and expanfion of all organifed beings, 191. See growth. The 
general ingredients of food, 197. Rein-deer, the principal 
food of the Laplanders, ibid. Animal food more ufed in pro- 
portion as people recede from the Equator, 198. The nature 
of man's food determined by the climate, 199. Man defigned 
by Nature to feed partly on animal and pjtrtly on vegetable fub- 
ftances, ibid. Living long on a particular fpecies of food is 
apt to create difeafes, 200. Diverfity of food ufed by different 
fpecies one caufe of the difFufion of animals over the earth, 
201 Every animal furnifhed with proper inftruments for pro- 
curing food, 202. Importance of feeding all young animals 
well, 204. Infeds which feed upon carrion never attack live 
animals, ibid. This faft eftabliftied by experiments, ibid. 
Spallanzani's experiments upon the digeftion of food by various 

animals, 206. . • j •„„ 

Foramen ovale. In amphibious animals it remains open during 

life, 67. 

Formica-leo. Its artifices and manners, 309. 

Forms are perpetually ch mgiiig, 276, See transformations. 

Fox. His artifices and manners, 363. 

Frogs. Undergo great changes in their form, 261. 

Fulgora. See fire-fly. q 
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Gad-fly, extremely troublefome to cattle, both in its caterpillar 

and fly ftate, 94. 
Gall-infe(fts. Dcfcription of their form and manners, 218. 
Galls. Sec chermcs. The eggs of the cinvps give rife to thofe 

on oak leaves, 92. How galls are formed, 267. 
Gaftric juice. See digeftion and ftomach. Its folvent power 

aflifted by chewing, 209. No dead animal fubftance can refift 

its power, 21 1 ; but it has no effect upon live animals, ibid. 

Diflblves the ftomach after death, 214. 
Generation. See multiplication. 

Gentoos. Live almoft entirely on vegetables, 197. Their cafts' 

founded in nature, 464. 
Germs. Examination of Bonnet's theory of them, 195. Sec 

growth. 
Glow-worm. See worms. 
Glutton. His artifices and manners, 365. 
(inat. Account of it, 92. 
(loat-fuclcer, a bird of palfage, 432. 
(loofe. Its longevity, 456. 

Granivorous birds. Sketch of their ftru6lure, 71. Analogous 
to herbivorous quadrupeds, 72. Their gentle manners, ibid. 

Growth of animals and vegetables extremely analogous, 30, See. 
May be accelerated or retarded by certain circumftances, 32. 
Buffbn's theory of growth, 191. Nutrition fuppofed to be ef- 
fcfled by the brain and nerves, 192. This notion rendered 
improbable, ibid. More probable that the nutritious particles 
of food are conveyed and applied by the arteries, 193. Bon- 
net's theory of germs examined, 195. Our limited concep- 
tions of the nature of growth and nouriftiment, 196. All 
animals fuppofed to grow after birth, 203. The fpider-fly af- 
fords an exception, ibid. Remarkable rapidity of growth in 
fome worms, 205. Animals, as well as plants, whTch quick- 
Iv arrive at maturity, foon pcrifti, 453. 

Gryllus. Some account of it, 89. 

Guiney-pig contrails a loofenefs when forced to eat coleworts 
for fome time, 201. 

H 

Habitations of animals. When not reftralned, animals uniformly 
build in the fame ftile, 279. Habitations and manners of the Al- 
pine marmot, 280. Of the beaver, 281, &c. Of the mole, 286. 
Of birds, 287. Defcription of the eagle's neft, 288. Of the 
magpie's neft, ibid. Of the titmoufe's neft, 289. Of penfilc 
neft's, ibid. Of the neft of the tailor-bird, ibid. Ncfts of 
fmall birds, 291. Of water -fowls, ^92, Neft of the mafon- 

Wee» 
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Tiee, 293. Of the wood-piercing bee, 296. Of another fo- 
litary bee, 300. Of the honey-bee, 302, &c. Of the wafps, 
314. Of the termites or v/ood-ants, 323. Of the common 
caterpillar, 381. Of the proceflionary caterpillar, 383. 

Hares. Their artifices in efcaping the dogs, 362. 

Health promoted by moderate laughing, 105. 

Hearing. Fifhes endowed with that fenfe, 79. The infiruments 
and caufes of hearing, 156. Why infants hear bluntly, 158. 
The pleafures derived from hearing, 159. The fource of ar- 
tificial language, 160. 

Heat. See animal heat. 

Hemipterous infefts. Of their form and manners, 89. 
Herbivorous quadrupeds. See animals. Their form adapted to 

their difpofitions, 55. 
Hermaphrodites. Some infe£ls are hermaphrodites, 221. Many 

inftances of hermaphrodites among horfes, black cattle and, 

fheep, ibid. 
Herrings perform extenfive migrations, 443. 
Hippobofca. See horfe-fly. 
Hogs affociate and defend each other, 388. 
Honey-bee. See bees. 
Horfe-fly. Account of it, 94. 

Horfes. When attacked by any rapacious animal, rank up in 
lines to defend themfelves, 358. One ads as a centinel, 359. 
Aflbciate with oxen, 388. The gentlcnefs and docility of their 
difpofitions, 406. Notice of wild horfes, ibid. Naturally af- 
fociate with man, 408. Their emulation and warlike temper, 
ibid. Their feats in exhibitions, ibid. 

Hoftilities of animals, 336. Man the moft rapacious and the 
moft univerfal deftroyer, 333. Of rapacious quadrupeds, 349. 
Of rapacious birds, 342. Every fifti rapacious, 343. Of ra- 
pacious infeas, 344. Man not the only animal that makes 
war with his own fpecies, 348. Neuter bees malTacre the 
males, ibid. Bees frequently fight with each other, ibid. In 
Oaober, wafps mafl'acre all their young, 349- This feeming 
cruelty is perhaps an aft of mercy, ibid. Hoftilities of ani- 
mals give rife to mutual improvement, 351. 1 here is a won- 
derful balance in the fyftem of animal deftruftion, 353. 

Hottentots. Their mode of training and inftruding oxen, 408. 

Hunter, Mr. John. His account of the refpiration of birds, 107. 
His defcription of the free-martin, 221. 

Hymenopterous infeds. Their form and manners, 92. 

I 

Ichneumon flies. See flies and bees. 

Imitation. Its efFeds upon animals as a principle, 419. 

Infancy. See infants. IntcM. 
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Intellect. The degrees of it extremely varied both among men 
and other animals, 465, 

Infants. They iinderftand language before they can fpealc, 147. 
Hear bluntlv, 158. Arc fond of noifc, ibid. Invent, at the 
age of nine or twelve months, an artificial language, 161. The 
condition of human infants confidered as mifcrable, 180. This 
notion invalidated, 181. Fond of motion, 182. The me- 
thods of managing them by favagcs, 183 ; and by northern na- 
tions, 184. Are Icfs atfedted by cold thiui at any other period, 
185. 1 heir lives very precarious, ibid. Caufcs of their dif- 
cafes and mortality, 186. Sleep, for feveral weeks, almoft 
continually, ibid. Their memory weak, and why, 187. Du- 
ration of infancy in different animals, 188. Infant ftate of 
birds fliort, ibid. Infancy of fifhcs, ibid. Of infedls, ibid. 
The ftrong attachment of parents to their young, 190. 

InfcfSh. A iketch of their ftru^urc, 22, 22. A more enlarged 
view of it, 82. Divifion of infects from their wings, ibid. Ufe of 
their feelers, 83. Undergo three changes of form, 84. Some of 
them endowed with the fenfc of fmclling, 85 ; and fomc probably 
with that of hearing;, 86. Account of their probofcis, 87. Of the 
form and manners of the beetle tribe, 88. Of the form and man- 
rers of the hcmiptcrous iribe, 89. Of the neuroptorous infedts, 
91. Of hymenopterous infedts, 92. Of dipterous infedts, 94. Of 
r.ptcrous infciits, ibid. Of the rcfpiration of infects, 113. Exam- 
ples of their inftindts, 138. Infedts have few inftindts, 145. Thofe 
that feed upon carrion never attack live animals, 202. Great 
diflerences between feme male and female infedts, 218. Defcrip- 
tion of the form and manners of gall-infects, ibid. Infedts fup- 

■ pofird to impregnate certain plants, 227. Changes they undergo 
before their age of puberty, 237. Some of them have a ftrong 
afFedtion to their yount/, 248, Of their transformations, 262. 
Lives of winged infedts confifls of three principal periods, 264. 
Their interna! parts changed after transformation, ibid. The 
behaviour of different caterpillars when about to transform, 267. 
Their transformation is only the throwing off temporary cov- 
erings, 270. Nefts of various infedts defcribcd, 293. Some 
of them are rapacious, 345. Thoufands of them daily devour- 
ed by cattle, 351. Infedts afford many inftances of aftbciation, 
377. Some of them migrate, 441. Are Ihort lived, 459. 

Ipfpiration. See refpiration. 

Inftinct. Reafons why it has been fo little underftood, 136. Di- 
vifion of inftindts, 137. Of pure inftindts, ibid. Examples of 
it in the human fpecies, ibid, in the brute creation, 138. Of 
inftindts which can accommodate themfelves to peculiar cir- 
cumft^ances, 141. Of inftinds which are improveable by ex- 
perience and obfervation, 143. Superiority of man arifes from 
his great number of inftindts, ibid. Examples of modified, 

compounded, 
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compounded, or extended Inftincts, 144. Inftinft defined and 
explained, 145. Infedls have few inftin6ls, ibid. Inftinct pre- 
fuppofes a degree of inteliecl, 378. The gradual progrefs of 
initincts in children, 3H9. When they begin to reafon with 
fome propriety, 390. The education of animals depends greatly 
on the principle of imitation, 420. 
Irritability defcribed, 17. Many plants are endowed with this 
power, 18. 

L 

Lady-fly» See libella. 

Language. Moft animals can exprefs their wants and defires, I05, 
147, 161. Artificial a refult of natural language, 161. The 
origin of the great diverfitv of languages, ibid. Articulate 
language peculiar to man, 373. 

Laplanders, Live chiefly on the rein-deer, 197. Fond of bear*s 
fle/h, ibid. 

Laughing defcribed, 105. Not peculiar to man, ibid. 

Leo^s. No animal, except the inledl tribes, have more than four, 

83- 

Libella. A defcription of it, 91. Its nymph refpifes water, 1 1 7. 
A rapacious animal, 345. 

Life. Our ignorance of its efiential chara£leriftics, 16. Its du- 
ration longer or fliorter according to the fpecies, 44. Life 
very precarious in infancy, 185. Lives of winged infeds con- 
fill of three principal periods, 264. Life cannot^be fupported 
without the intervention of death, 350. A profunon of animal 
life feems to be a general intention of Nature, 352. Of the 
duration of life in man and other animals, 449, occ Its du- 
ration a relative idea, 461. 

Light. Some of its properties, 166. Its refrangibility, 167. 

Lobfters caft their (hells annually, 261. _ 

Longevity of animals, 449. Some remarkable inftances of it m 
th% human fpecies, 45^5 of birds, 455 i of quadrupeds, ibid, 
of a toad, 458; of infecls, 459; of plants, 460. 

Loufe. Its ftructure and manners, 95. _ 

Love. The fource of many important advantages, 243. Is a 
great incentive to virtue, ibid. Bad effects of too early mar- 
riages 244; and of imprudent ones, ibid. Love of ofispnng 
a fource of great pleafures, 245; remarkable inrtances of its 
ftren-th, 246, &c. Marriage or pairing frequently exhibited 
in th?b;ute creation, 250. Moft animals have feafons, 253. 

Lumbricus. See worms. 

Lychnis dioica. Dr. Hope's experiments upon that P e^^- 
mined, 231, 232. Female lychnis ripened feeds without the 
po/Tibility of fcxual commixture, 233. 

Ppp ^ 
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Magpies. Dcfcription of their iie(ts, 288. 

Males. See fcxcs, and man. Differences licivvc.cii males ana 
females, 218, 219. Changes produced by puberty, 239. In 
painng animals, the males and females produced arc nearly 
equaJ, 251. 

Man. Of his ftruvE^ure and organs, 47. From his. internal or- 
gans he could not live upon herbage alone, 61. Mis fuperio- 
rity over the other animals derived folely from his mental fa- 
culties, 63, 99, 145. He alone is endowed with the faculty 
of articulate fpcech, 373. The moft inconhftent of all ani- 
mals, 143. His inflincts improvcable by obfervation and ex- 
perience, ibid. Defigned by Nature to live partly on animal 
and partly on vcijetable fubflances, 197. His texture more 
firm and compact than that of woman, 215. See women. 
Changes produced by puberty, 239. After puberty, marriage 
is his natural ftate, 241. A ftriking inftance of his parental 
affection, 246. Undergoes many changes in form after birth, 
259. His mind undergoes changes as well as his body, ibid. 
'I"he moft rapacious of all animals, 337. Without focicty, 
his powers are limited, 339. Not the only animal that makes 
war with his own fpccies, 347. The moft dociie of all animals, 
389. His body capable of great exertions, 390. The refem- 
blance of men to particular animals an indication of their dif- 
pofitions, 416. Of man's longevity and did'olution, 44.9. No 
being fuperior to him could exilt in this world, 468. 

Manners and difpofitions of animals conne(5led with their form 
and ftructure, 55, 88, 99. 

Mantis. See camel-cricket. 

Marmot, Alpine. Defcription of its architcdurc and manners, 
280. 

Marriage, after the age of puberty, is the natural ftate of man, 
240. Difadvantages of too early marriages, 244. Bad effects 
of intercfted and imprudent ones, ibid. Arguments in favour 
of monogamy, 250. 

Martin. Mr. Hunter's account of the free-martin, 221, kc. 

Martins are birds of palfage, 432. 

Mafon-bee. See bee. 

Matter. Its vis inertia^ 126. 

Mechanifm inauequ^ite to account for animal adlon, 301. 
Medufa dcfcribcd, 98. Its motions, 134. 
Memory of children is weak, and why, 187. 
Metamorphofes. St*e transformations. 

Migration of animals, 422. Lifts of birds of paffage, with the 
ti ncs of their arrival and departure, 432, &c. J^artial migra- 
tions, 438. Principal obiecls of migration, ibid. 448. Men 

have 
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liave a principle of migration, 439. Quadrupeds likewife per- 
form partial migrations, 440. M'.gration of rats, 441 ; of frogs, 
ibid. ; offiflies, 442 ; of land-crabs, 446 ; of infefts, 448. 

Millipcs multiplies by fpontaneous feparation, 36. 

Mind. Its faculties the chief fource of animal power, 99. Minds 
of brutes pofleffed of original qualities, 146. The loweft fpe- 
cies of animals are endowed with minds, 147. The mind of 
man undergoes changes, 259. 

Minerals, no analogy between them and vegetables, 20. 

Modefty, the great defence and ornament of women, 2i6. Is not 
confined to the human fpecies, 217. 

Moles. Defcription of their manners and operations, 286. 
Monkeys. When fleeping, one ads as a centinel, 359. 

Motacilla. See titmoufe. 

Moths. An account of them, 90. Divided into two kinds, the 
fphinx and phalaena, ibid. All of them, when about to transform, 
fpin cods or clues of filk, 269. . . 

Motion. Spontaneous motion, 125. By what inftruments it is 
performed, 126. Vital and involuntary motions, 127. Motions 
of animals proportioned to their weight and ftrucliure, I2». 
Motion gives animation and vivacity to the whole fcene ot JNa- 
ture, ibid. Deftruaive animals flower in their motions than 
the weaker kinds, 129. ProgrelTive motion of the mufcle, 130. 
Motions of the razor or fpout-fiOi, 131 ; of the fcallop, 132 : 
of the oyfter, 133 ; of the fea-urchin, ibid. ; of the medula, or 
fea-nettle, 134. Motion of the mafon-bee fometimes retro- 
grade, 135. The rate at which found moves, 158. V-hildren 
derive great happinefs from motion, 182. 
Mouflon, the original ftock of the ftieep, 412. ^ ^ ,. _ 
Multiplication. The hydra of Linnjeus multiplies by fenning off 
(hoots from its body,' 35- The bell-polypus multiplies by fplit- 
tincr longitudinally, ibid.; and the funnel-fhaped polypus by 
fplitting tranfverfely, 36. The dart-millepes hkewife multiplies 
by fpontaneous feparation, ibid. Puceron multiplies without 
impregnation, 38. A profufion of animal life one great inten- 
tioa of Nature, 352. Noxious multiplication reftrained by va- 
rious caufes, 353. 
Mufca. See flies. . , /• -u j 

Mufcles. Their progreffive motion delcribed, 130. 
Mufcles. The inftruments of animal motion, 126. 
Mufical ears. See ears. 

N 

Nature in the formation of animals and .vegetables, feems to 
have'aaed upon the fame general plan, 18. Her intentions in 
changing fonns, 258. If properly underftood, her intentions 
7rc neve°r wrong, 349- Seems to pay little attention to indm- 
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duals, but uniformly fupports tlic I'pccies, 350. Advantages 
derived from her allowing animals to prey on oixa anotlier, ibid. 
&c. Ii gives ril.; to mutual improvement, 351 . A protuhoii 
o\ animal life Teems to bt; a general intention of Nature, 352. 
There is a wonderful balance in the fy(k-m of animal dcftruc- 
tion, 353. Nature obferves a uniform gradation of being-, 463. 

Nerves. A fhort defcriprion of tliem, 54. The fource of all fen- 
lation ?.nd motion, 126, 15^. Their papillae the immediate in- 
flrumcnts of fenfation, 164. 

Nefts. See birds and habitations. Penfile n?fts, 289. Curious 
neft of the tailor-bird, ibid. Cuckoo mak 's none, 290. Nerts 
of different bird-, 291. Nefts of various infects, 293. Wafp's 
neft defcribed, 314. Nefts or hills of the termites, 323 ; of ca- 
terpillars, 381. 

Nettie. Sea-nettle's motions extremely flow, 134. 

Neuropterous infects. Dtfcription of them, 91. 

NiJitication. See birds. 

Nofc. Dcfcription of that organ, 150. 

Nutrition. See food, growth. 

Nymphs, A dcfcription of them, 265. 

O 

Oak. Account of a remarkable one, 460. 

Ocean. It produces the largell animals now known, 79. 

Odours. 1 hereafon why they excite the fcnfe of fmelling, 151. 

I ne particles of odorous bodies extremely minute, ibid. 
Oelirus. See gad-fly. 

Orang-outang. His form as well as his manners make the near- 
eft approach to thofe of mm, 55. Walks ereiSt, 62. An ac- 
count of'the imitative powers of what is called the larger and 
fmaller fpecies, 391. Their manners, 392, &c. Belong not to 
the humankind, 394. Nearly allied to man, 391. 

Organs. See animals, birds, quadrupeds, fiibes, plants, andftruc- 
ture. 

Ollrich vindicated from unnaturality, 142. 
Ox-eye. See titmoufe. 

Oxen dull and phle:2:matic animals, but capable of inftru»£tion, 
407. Much chantjed by domeftication, 412. 

Oyiter. Its motions defcribed, 133. Is endowed with fomc de- 
gree of intelligence, ibid. 

P. 

Pairing. See marriage. Many animals pair, 250, Sic. 
Palm-tree. Its modt- of culture in Arabia no proof of the fcxes 

of plants. See fexcs. 
Pa!: i of infects defcribed, 85. 
PapiUie. ^ee nerves. 

Papilio. 
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Papilio. See butterfly. 
Parental afFedtion. See love. 
Pediculus. See loufe. 

Pelican. Her mode of fupplying her young with drink, 202. 

Phalasna. ^ See moth. 

Ptiryganae. See flies. 

Pies. Their neils very various, 288. 

Pilchards. See herrings. 

Plants. Difficulty of diftinguifhing them from animals, lO. De- 
finitions of them by Jungius, ibid. ; by Ludwig, ibid. ; by 
Linnaeus, ibid. Examples of the motions of plants, 12, 13. 
Their wliole ftru£ture may be confidered as a ftomach for re- 
ceiving their food, 15. Many of them have the power of 
irritability, 17. Between vegetables and minerals there is 
hardly any analogy, 19, 20. Analogies between animals and 
plants, originating from their ftru6lure and organs, 21, 30. 
Sketch of "the ftrudure of plants, 25, kc. Their oeconomy 
and functions are refults of a vafcular texture, 26. Analogies 
arifing from their growth and nourifhment, 30, 34. Food of 
plants and of animals compared, 31. Analogies between the 
animal and vegetable derived from their diflemination and de- 
cay, 35, &c. Analogies between the eggs of animals and the 
feeds of plants, 39. "Some plants may be confidered as vivi- 
parous, 41. Plants have their feafons as well as animals, 43. 
Are all fubjeft to many difeafes, and at lafl to individual diflb- 
lution, 44. Of the fuppofed fexes of plants, 223. See fexes. 
Pollen or farina of plants fuppofed to be analogous to the male 
organs of generation, 225. New varieties of plants often pro- 
ceed from accidental caufes, 233. Plants, as well as animals, 
undergo transformations, 274, 275. See transformations. 
Thofe° which grow quickly foon perifh, 453. Their longevity, 
460. 

Pollen. See plants, and fexes. , • , • 

Polypus. Defcription of its ftruflure and mode of multiplying, 
23. When cut to pieces in any direction, each fection becomes 
a perfca animal, 24. One fpecies may be engrafted upon ano- 
ther, ibid. Some polypi multiply by fplitting longitudinally, 
and others tranfverfelyj 35. Conneds the animal to the ve- 
getable kingdom, 467. 

Probofcis of i"nfe£fs defcribed, 87. 

Propolis, or bee-^lue. See bees. 

Puberty This period of life arrives later, or more early, accord- 
ing to the difference of fpecies, 30. Of the puberty of animals 
in general, 238. Changes produced by it, 239. Females ar- 
rive fooner at that period than males, 240. All animais under ► 
go changes at the age of puberty, 241. ^ 
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Pucerons. S(vne fpccics are both viviparous and oviparous, 36. 
Can produce without impregnation, 37. Differences between 
the males and females, 220. Devoured by numbcrlefs enemies, 
346. 

Pulex. See flea. 

a 

Quadrupeds. Their ftrudure, 55. The fimilarity of their 
llruclure and organs to thofc of man, 56. Of the carnivorous 
kinds, 58. Of the herbivorous, 59. Few cjuadrupcds pair, 
254. Undergo changes of form after birth, 260. Their 
mental powers likewife change, ibid. Some of them conftru(5l 
habitations, 280. Of carnivorous quadrupeds, 339. 1 heir 
difcriminating characters, 416. Some of them migrate, 440. 
Of their longevity, 456. 

Quails. Of their migration, 423. 

R 

Rapacious. See carnivorous. 

Rats of Kamtfchaika. Their artifices and manners, 366. 
Ravens. Their mode of breaking fliell-fiOies, 368. Their lon- 

gevitv, 456. 
Razor- Hfh. Sec fpout-fifh. 

Rein- deer, the chief food of the Laplanders, 197. 

Rcfpiration. Air neccHary to the exiftence of all animal and ve- 
getable bodies, loi. I'hc mode in which rcfpiration is car- 
ried on by man and the larger land animals, ibid. Dr. Craw- 
ford has rendered it probable that rcfpiration is the caufe of ani- 
mal heat, ibid, ConnetStcd v/ith the circulation of the blood, 
103. Commences inflantly after birth, and continues during 
life, IG4. Of laughing, 105. Of weeping, 106. Many 
lecond.iry advantages derived from rcfpiration, ibid. Birds re- 
fpire by the bones, and almoft every part of the body, as well 
as by the lungs, 107. Rcfpiration of fifhes, 112. Rcfpira- 
tion of infects, 113. 

Retina. External objeas painted on It in an inverted pofition, 
168. W hy objcits are fecn ereft notwithftanding the inverfion 
of the piaures, ibid. 169. Why vifion is fingle though a pic- 
ture is painted on each eye, 171. 

Roebuck. His artifices and manners, 362. 

S 

Saliva, a powerful folvent, 154. 

Salmons. Of their migrations, &c. 442. 

Scale. Of the progreflive fcale of beings, 463, Sec. 

Scallop. Its motions defcribed, 132. 

Scarabxi, or the beetle-tribe of infcas, an account of them, 88. 

Scorpion. 
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Scorpion. Account of it, 96. 
Sea-nettle capable of being ingrafted, 44. 
Seal. Sketch of his manners, 66. 
Seafons. See love. 

Seeds. Analogies between them and the eggs of animals, 40. 
Seeing. See fenfes. 

Senfation implies the perception of pleafure and pain. May be 
fufpended without death, 28, See fenfes. Theory of fenfation, 
162. 

Senfes. Fifhes endowed with the fenfe of hearing, 79. Of the 
fenfes in general, 149. Of the fenfe of fmelling, 150. Men, 
as well as brutes, affifled in the fele£tion of food by the fenfe 
of fmelling, 151. Moft odours produftive either of pleafure 
^or pain, ibid. The fenfe of fmelling in fome animals remarka- 
bly acute, 153. Of tafting, 154. The organs of tafte and 
fmelling aflift each other, ibid. Senfe of tafting comparatively 
grofs, ibid. Senfe of hearing, 156. The pleafures derived 
from it, 159. Senfe of touch, 162. Senfe of feeing, 165; 
conveys no idea of diftance, 171. Errors of vifion correded 
by touch, ibid. Of the fenfe of fmelling alone, 174; of hear- 
ing alone, 175 ; of fmelling and hearing united, ibid. ; of tafte 
alone, and united with fmelling and hearing, 176; of fight a- 
lone, ibid. ; of fight united with fmell, hearing, and tafte, ibid. ; 
of touching alone, 177 ; of touch united with fmelling, 179 ; 
of hearing, tafte, and touch united, ibid. Of fight united with 
all the other fenfes, 180. 

Sepia. See cuttle- fi(h. 

Serpents caft their fkins annually, 261. 

Sexes. Of the fexes of animals, 215. Their intercourfe not al-. 
■ways neceflary for multiplication, 218. See multiplication. 
Caterpillars are of no fex, 218. Among the larger animals, 
the difterence of fize between males and females is not confide- 
rable, ibid.; but, among infeds, the difterence often great, ibid. 
^19. Of the fuppofed^'fexes of plants, 223. The arguments 
employed to fupport the fexes of plants are entirely analogical, 
ibid. Thefe analogies fnown to be without foundation, 224. 
Some of them ridiculous, ibid. The moft plaufible argument 
in fupport of vegetable fexes derived from the culture of the 
date-bearing palm, 226. This circumftance brings no aid to 
the fexualift, ibid. Mylius's experiment on the Berlin palm 
imperfedand inconclufive, ibid. 227. Sexualifts have recourfc 
to the winds and to infeds for the impregnation of certain plants, 
227 This notion refuted, 228. Argument from new varie- 
ties examined, 230. Dr. Hope's experiments on the lychnis 
dioica examined, 231. Spallanzani's experiments on the fexes 
of plants, 235,-238. Changes produced in animals by puber- 
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ty, 239. The male bees impregnate the eggs after they are 

dcpoAtcd in the cells, 311. 
Sheep an'ociate, and dc.'end each other, 388. Their origin, 412. 
Showers of blood accounted for, 271. 
Silk-worms. See worms and caterpillars. 

Skeletons, of all quadrupeds, when railed on their hind-i^\^ ., liav c 

a great refembiance to thofe of man, 56. 
Sleep, of plants, 14. 

Snieathman. His account of the termites or wood-ants, 323. 

Smelling. See fenfes. 

Snails. Their mode of refpiring, 120. 

Society. Not confined to the human fpccies, 371. Its origin- 
ibid. The aflbciating principle is inftinctive, 372. its advan- 
tages, ibid. Gives rife to many virtues and fources of happi- 
ncfs, 373. Its difadvantages, 374. Without aflociation, men 
could perform no cxtenfive operations, 375. Society of the 
beavers, ibid. ; of pairing birds, 376 ; of the honey-bees, 377 j 
of the common caterpillars, 381 ; of the proce/Iionary caterpil- 
lars, 383. Some caterpillars are republicans, 384. Society of 
ants, 386 ; of gregarious animals who carry on no common 
operations, 387. 

Sound. Its medium and caufes, 156. The celerity of its moti- 
on, 158, Augmented by reflection, ibid. Its modifications, ibid. 

Spallanzani. Account of his experiments upon digeftion, 206. 
His experiments on the fcxes of plants, 233. 

Sparrows of great ufe by devouring numbers of caterpillars, 355. 

Speech. See language. 

Sphinx. See moth. 

Spiders. Their ftrudlurc and manners, 95. When terrified fi- 
niulate death, 141. Their attachmjnt to their youn 247. 
Aloft voracious animals, 344. Some of them furvive the win- 
ter, 370. 

Spider-fly. See flies, and growth. 

Spout-fifh. Its motions defcribed, 131. Comes above the fand 
upon putting fait upon the mouth of its habitation, 132. 

Stag. His artifices in efcaping the dogs, 359. Form herds, 387. 

Stevens (Drj. His experiments on digeftion performed by means 
of a German who was in the habit of fwallowing ftones, 212. 

Stigmata of infects defcribed, and their ufes, 114, 

Stomach. Every part of vegetables may be confidered as a fto- 
mach, 15. In carnivorous animals, the ftomach is proportion- 
ally fmall, 58. Its juice diiTolves all kinds of victuals, 206. 
Its great comminuting force in certain birds, 207, &c. In 
man and quadrupeds, the ftomach feems not to a£t upon its 
contents, which are totally difl()lvcd by the gaftric juice, 212. 
See gaftric juice. After death, the gaftric iuice dilfolves the 
ftomach, 214. 

Storks 
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vStorks clear Egypt of ferpeiits, frogs, mice, l<.c. 354. 

Struclure and organs. Their conneiltion with manners and dif- 
pofitions, 55, 58, 88. Structure of quadrupeds has a great 
refemblance to that of man, 56. Structure of birds, 71. Struc- 
ture of fifhes, 77. Strudture of infects, 82. 

Swallow. A curious inftinct of it, 140. Swallow's ncds, 292. 
Of their migration and torpidity, 422, &c. Differerit opini- 
ons on this lubjedt examined, 428. Could not poiTibly exitt 
under water, 429. 

Swans. Their longevity, 455. 

Sword-fifVi often kills the whale, 357. 

T 

Tadpole. See frogs. 

Tailed men have no exiftenre, 466. 

Tafte. See fcnfes. The inftruments and caufes of the fenfLitioa 
• of tafting, 154. Tafte various in individuals of the fame fpc- 
cies, 155. 

Tailor-bird. Defcription of its wonderful ncft, 289. 

Termites. Mr. Smeathman's defcription of their fmgular ope- 
rations, 323. Defcription of thefc animals, 324. Undergo 
great changes in form, ibid, &c. Wonderful prolific powers 
of the females, 326. Their nefts or hills defcribed, 327. Of 
their royal chamber, 328. Of their nurfcries, 329. Ot their 
magazines, ibid. Of their fubterraneous paffages, 331. Ot 
their warlike difpofitions, 333. Repair their habitations, ibid. 

Tiger. His difpofitions are grofsly ferocious, 340. 

Titmoufe. Delcription of its neft, '^89. 

Toads. Inftances of their being found alive in the heart of trees 
and inclofed in folid ftones, 122. Their longevity, 458. 

Tongue and palate, the principal inftru-nents of the fenf j of tabl- 
ing', 154- 

Touch. See fenfes. 

Trachea of infers defcribed, and thelf ufes, 114. 

Transformations. Every animal undergoes changes, 258, &c. 
Transformation of frogs, 261. Crullaceous animals calt then; 
Hiells annually, ibid. Serpents annually caft their ficins, ibid. 
Of the transformations of infeas, 262. Transformntion oj 
the filk-worm, ibid ; of bther caterpillars, ibid, 1 he int-ernai 
parts, as well aS the external fohn, of winged miec.s undergo 
corifiderable changes, 266. Spider-fly transformed^uito a chry- 
falis before efcaping the belly of its mother, ibid, i he behavi- 
our of different caterpillars when about to transform, 267. 
Transformation of infed^s is Only the throwing oft of tempo- 
rary coverings, 27c. Plants, as well as animals, undergo trans- 
formations, 274. Intentions of NTatute in changing for:ns, 2^^ . 

Trochus.deftroys numbers of fliell-nincs, 356. 

Turkev. The great comminuting torce ot its ftoniach, 20 . 

Qq-q 
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U 

Urchin. Motions of the fea-urchin defcribed, 183. 

V 

V^Kuum. Sounds cannot be propagated through it, 157. 
Vc^atables. See plants. 
Vermes. See worms. 
lli ivtrtia dt-Haed, 126. 
Vifion. Sec eyes and retina. 

W 

War. Man not the only animal that makes war with his own 
fpecies, 347. 

"Wafps. Solitary wafp digs holes in the f.ind, where (he dcpofits 
her eggs, 14.0. I ced their young by difgorging like the pigeon, 
247. 1 heir manners and operations, 314. Their cells com- 
poled of paper, 315. Defcription of their ncft, ibid. Their 
manner of building, 317. Republics of wafps confifl of males, 
femaks, and neuters, 318. Defcription of the different kinds, 
319. Maflacre their young, 349. 

Wax. Bees w.ix a refult of a digcftivc procefs, 305. 

Weeping, how performed, and its effcds, 105. Not peculiar 
to man, ibid. 

Whales often killed by the fword-fifli, 357. 
^ Winds. Suppofed to impregnate certain plants, 227. This no- 
tion refuted, ibid. 258. 

Wings. No animal, except infeiSts, have more than two, 84. 
Thofe of infefts made the foundation of a methodical diftribu- 
tion, 87. 

Wolf. His difpofitions are fierce and rapacious, 341. 

"W^omen. Their texture more lax than that of men, 215. 
Their minds are likewifc more timid, 216. Social intercourfe 
with them foftens the difpofitions of men, ibid. Modefty the 
great ornament of women, ibid. Carnivorous quadrupeds 
not fo apt to devour women as men, 217. Se^multiplication 
and fexes. 

Wood-ants. See ants and termites. 

Woodpecker. Some account of it, 367. 

Worms. Account of thefe infeds, 96. Of the hair-worm, 
ibid. Of the earth-worm, ibid. Rat-tailed worms, their 
mode of refpiring air, 116. In fome worms, the rapidity of 
their growth is remarkable, 205. Account of the male and 
female glow-worm, 219. Silk-worms fpin pods before their 
transformation into flies, 262. See caterpillars. Inftances of 
feveral worms proceeding from one egg, 268. The manner 
in which the lilk-wonns fpin their cord or clue, 269. 
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